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I. REAL PARTY IN INTEREST 

The real party in interest is Cerex Advanced Fabrics, Inc., located at 610 Chemstrand 
Road, Cantonment, PL 32533. 

II. RELATED APPEALS AND INTERFERENCES 
Appellant is unaware of any related appeals or interferences. 

III. STATUS OF CLAIMS 

Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 were finally rejected in the Office 
Action of March 31, 201 1 under 35 U.S.C. § 103(a), as well as under 35 U.S.C. §112. first and 
second paragraphs. Claims 37-40 were also finally rejected under 35 U.S.C. § 102(b). Claims 7- 
9, 22, 23, and 27 arc withdrawn. All rejections of claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35- 
40 are appealed herein. 

IV. STATUS OF AMENDMENTS 

There have been no amendments after the final Office Action of March 31, 201 1 . 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The independent claims involved in this appeal are claims 1,17, 35, and 37. 

Claim 1 is directed to a method of producing a spunbonded nonwoven fabric (page 2, 
lines 28-30). The method comprises the steps of: forming, in an extruder, a melt blend of at least 
one polymer and, additionally, at least one antistatic agent (page 8, lines 4-19) present in an 
amount sufficient such that the static level measured at about one half inch below the outlet of a 
slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch (page 9, lines !0- 
15); extruding said blend in the form of a plurality of filaments, directing the filaments through 
the slot attenuation device, drawing the filaments to orient them, depositing the filaments onto a 
collection surface to form a web, and bonding the filaments of the web (page 8, lines 7-10 and 
15-19). The filaments of the web are bonded at a temperature of between 180"C and about 
250°C (page 8, lines 1-3), and the static level measured at about one half inch below the outlet of 
the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch (page 9, lines 
10-15). Without addition of the at least one antistatic agent, a static level measured at about one 
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half inch below the outlet of the slot attenuation device is greater than 2 kilovolt per inch or less 
than -2 kilovolt per inch (page 7, lines 1-4; page 9, lines 10-15: Tables 1 and 3; and the 
Examples). The at least one antistatic agent docs not cause a defect in the spunbonded 
nonwoven fabric (page 3, lines 30-31). 

Claim 17 is directed to a method of producing a spunbonded non woven fabric (page 2, 
lines 28-30). The method comprises the steps of: forming one or more melt blends of polymer 
and, additionally, one or more antistatic agents either in a master batch or a base resin (page 8, 
lines 4-19) present in an amount sufficient such that the static level measured at about one half 
inch below the outlet of a slot attenuation device is between -2 kilovolt per inch and 2 kilovolt 
per inch (page 9, lines 10-15); extruding said blend or blends through separate extruders into the 
form of a plurality of multicomponent filaments with the blend or blends of polymer and one or 
more antistatic agents forming a portion of the surface of the filaments; directing the filaments 
through the slot attenuation device; drawing the filaments to orient them; depositing the 
filaments onto a collection surface to form a web; and bonding the filaments of the web (page 8, 
lines 7-10 and 15-19). The filaments of the web are bonded at a temperature of between 180 °C 
and about 250 °C (page 8, lines 1-3), and the static level measured at about one half inch below 
the outlet of the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch 
(page 9, lines 10-15). Without addition of the at least one antistatic agent, a static level 
measured at about one half inch below the outlet of the slot attenuation device is greater than 2 
kilovolt per inch or less than -2 kilovolt per inch (page 7, lines 1-4; page 9, lines 10-15; Tables 1 
and 3; and the Examples). The at least one antistatic agent does not cause a defect in the 
spunbonded nonwoven fabric (page 3, lines 30-31). 

Claim 35 is directed to a method of producing a spunbonded nonwoven fabric (page 2, 
lines 28-30). The method comprises the steps of: forming, in an extruder, a melt blend of at least 
one polymer; extruding said blend in the form of a plurality of filaments; directing the filaments 
through the slot attenuation device and drawing the filaments to orient them; depositing the 
filaments onto a collection surface to form a web; and bonding the filaments of the web (page 8, 
lines 7-10 and 15-19). The filaments of the web are bonded at a temperature of between 180"C 
and about 250°C (page 8, lines 1-3), wherein the method further comprises adding to the melt 
blend, before extruding said blend, at least one antistatic agent in an amount sufficient to reduce 
the static level measured at about one half inch below the outlet of the slot attenuation device 



J :\CRX\ 1 06XC l\PTO\Appeal Brief, doc 



2 



Docket No. CRX.106XC1 
Serial No. 10/662,492 

from greater than 2 kilo volt per inch or less than -2 kilovolt per inch to between-2 kilovolt per 
inch and 2 kilovolt per inch (page 7. lines 1-4; page 9, lines 10-15: Tables 1 and 3; and the 
Examples). The at least one antistatic agent does not cause a defect in the spunbonded 
nonwoven fabric (page 3, lines 30-31). 

Claim 37 is directed to a method of reducing the static level of a spunbond process 
having a static level measured at the outlet of a slot attenuation device of greater than 2 kilovolt 
per inch or less than -2 kilovolt per inch (page 2, lines 28-30; page 7, lines 1-4; page 9, lines 10- 
15; Tables 1 and 3; and the Examples). The method comprises adding at least one antistatic 
agent to a melt blend of the spunbond process, before extruding the melt blend, in an amount 
sufficient such that the static level measured at about one hal f inch below the outlet of the slot 
attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch (page 9, lines 10-15). 
The at least one antistatic agent does not cause a defect in a spunbonded nonwoven fabric 
produced by the spunbond process (page 3, lines 30-3 1 ). 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 have been rejected under 35 U.S.C. 
§112, first paragraph, as failing to comply with the written description requirement. Claims 1-5, 
10, 1 1, 13-20, 25, 26, 28, and 35-40 have been rejected under 35 U.S.C. §112, second paragraph, 
as being indefinite. Claims 37-40 have been rejected under 35 U.S.C. § 102(b) as being 
anticipated by Gillespie (U.S. Patent No. 5,783,503) as evidenced by Tortora {Understanding 
Textiles, pages 38, 39 and 401). Claims 1-5, 13-15, 17-20, 25, 26, and 35-40 have been rejected 
under 35 U.S.C. §103(a) as being unpatentable over Gillespie in view of Tortora. Claims 1-5, 
10. 11, 13-20, 25, 26. 28. and 35-40 have been rejected under 35 U.S.C. §103(a) as being 
unpatentable over Gillespie in view of Tortora and in further view of either War-burton (U.S. 
Patent No. 4,081,383) or George (U.S. Patent No. 4,167,464). 
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VII. ARGUMENT 

A. Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 comply with the written 
description requirement. 

Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 have been rejected under 35 U.S.C. 
§112, first paragraph, as failing to comply with the written description requirement. Appealed 
claims 1-5, i 0, 1 1 , 1 3-20, 25, 26, 28, and 35-40 stand or fall together for purposes of the Appeal 
of this rejection under 35 U.S.C. §112, first paragraph. 

Independent claims 1,17, 35, and 37 each recite that the at least one antistatic agent does 
not cause a defect in a spunbonded nonwoven fabric. The final Office Action of March 31, 201 1 
(hereinafter referred to as "the Action") asserts that the specification does not provide support for 
this recitation, stating that the specification does not discuss providing a process that eliminates 
defects in a process having an antistatic agent. However, claims 1,17, 35, and 37 do not require 
the elimination of any or all defects that may be present in a process for the production of a 
spunbonded nonwoven fabric. Rather, claims 1,17, 35, and 37 require that the antistatic agent 
does not cause a defect in the spunbonded nonwoven fabric. That is, the inclusion of the 
antistatic agent does not cause any defects itself. 

A person of ordinary skill in the art would understand that the inventor had possession of 
the claimed invention at the time the application was filed. As discussed in paragraph 2 of the 
signed Expert Declaration Under 37 C.F.R. §1.132 of Albert E. Ortega (executed December 2, 
2010; submitted with the Amendment filed December 6, 2010 and entered into the record; 
hereinafter referred to as "the December 2010 Ortega Declaration"), it would be understood from 
the original specification that the described method, including addition of an antistatic agent to 
the melt blend, does not cause any defects in the fabric. For example, the specification discloses 
that the described method reduces fabric defects (see, e.g., page 3, lines 30-31). A person of 
ordinary skill in the art would understand that, while the claimed method docs not necessarily 
eliminate all defects in a produced fabric, it is implicit from the disclosure in the original 
specification that the addition of the antistatic agent does not cause any (additional) defects in a 
fabric. 
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1'hus, the original specification provides adequate written description to demonstrate to a 
person of ordinary skill in the art that the inventor had possession of the claimed invention at the 
time the application was filed. Accordingly, claims 1-5. 10, 11, 1 3-20, 25, 26. 28, and 35-40 
comply with the written description requirement under 35 U.S.C. §112. first paragraph. 

B. Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 particularly point out and 
distinctly claim the subject matter regarded as the invention. 

Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 have been rejected under 35 U.S.C. 
§112, second, as being indefinite for failing to particularly point out and distinctly claim the 
subject matter regarded as the invention. Appealed claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35- 
40 stand or fall together for purposes of the Appeal of this rejection under 35 U.S.C. §112, 
second paragraph. 

Independent claims 1,17, 35, and 37 each recite that the at least one antistatic agent does 
not cause a defect in a spunbonded nonwoven fabric. The Action asserts that it is unclear as to 
what would constitute a defect. However, as the Action itself admits at page 3, a defect is an 
undesired result. A person of ordinary skill in the art of producing spunbond fabrics would 
understand what an undesirable result would be in the production of a spunbond fabric, just as an 
artisan skilled in the production of a semiconductor would understand what an undesirable result 
would be when a semiconductor is produced. For example, a person of ordinary skill in the art 
would recognize that color pollution, or changing the desired color of a fabric, is a defect in the 
production of a spunbond fabric (see also lines 2-5 of paragraph 1 of the December 2010 Ortega 
Declaration). 

The Action also states at page 3 that a defect being an undesired result "requires the 
desired result to not be met." However, this is not a complete statement. While a defect, or 
undesired result, means that a desired result was not achieved, it does not necessarily mean that 
no desired result was achieved. For example, a produced fabric could have the correct, thickness 
(desired result) while having color pollution giving a black fabric instead of a white fabric 
(undesired result). Thus, the implication in the Action that the undesired result or defect must be 
a static level outside the described ranges is not correct. Though an undesired static level could 
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result in one or more defects, other defects may also result during a spunbond process, such as 
color pollution. 

Again, a person of ordinary skill in the art of producing spunbond fabrics would 
understand what would constitute an undesirable result in the production of a spunbond fabric. 
Thus, the claims particularly point out and distinctly claim the subject matter regarded as the 
invention. Accordingly, claims 1-5, 10, 1 1, 13-20, 25, 26, 28, and 35-40 comply with 35 U.S.C. 
§112, second paragraph. 

C. Claims 37-40 are patentable because Gillespie does not disclose the claimed 
invention. 

Claims 37-40 have been rejected under 35 U.S.C. § 1 02(b) as being anticipated by 
Gillespie (U.S. Patent No. 5,783,503) as evidenced by Tortora {Understanding Textiles, pages 
38, 39 and 401). Appealed claims 37-40 do not stand or fall together for purposes of the Appeal 
of this rejection under 35 U.S.C. § 102(b). 

Claim 37 

Independent Claim 37 is directed to a method of reducing the static level of a spunbond 
process having a static level measured at the outlet of a slot attenuation device of greater than 2 
kilovolt per inch or less than -2 kilovolt per inch. The method comprises adding at least one 
antistatic agent to a melt blend of the spunbond process, before extruding the melt blend, in an 
amount sufficient such that the static level measured at about one half inch below the outlet of 
the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. The at least 
one antistatic agent does not cause a defect in a spunbonded nonwoven fabric produced by the 
spunbond process. 

The Action states at page 5 that Gillespie would necessarily teach the claimed "results" of 
having a static level measured at about one half inch below the slot attenuation device of -2 to 2 
kilovolt per inch "principally because Gillespie teaches each of the claimed process steps." 
However, this is not true. The claimed method requires the step of adding at least one antistatic 
agent to a melt blend in a n amount sufficient such that the static level measured at about one half 
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inch below the outlet of a slot attenuation device is between -2 kilovolt per inch and 2 kilovolt 
per inch. Gillespie includes no disclosure of adding any component as an antistatic agent and, 
even assuming for the sake of argument that nylon is an antistatic agent, there is plainly no 
contemplation in Gillespie of adding it in an amount sufficient to lead to the claimed static level 
range. Thus, Gillespie fails to disclose all of the claimed method steps and would not necessarily 
have the claimed static level. 

Moreover, the Action cites nylon or polyester as an antistatic agent, but the applicant 
does not necessarily agree that this is the case. As discussed in paragraph 3 of the December 
2010 Ortega Declaration, it is not necessarily the case that addition of nylon or polyester has an 
antistatic effect. Thus, nylon and polyester are not necessarily antistatic agents as the Action 
alleges. 

In addition, the claimed method is drawn to a method for reducing the static level of a 
spunbond process having a static level measured at the outlet of a slot attenuation device of 
greater than 2 kilovolt per inch or less than -2 kilovolt per inch. Gillespie includes no discussion 
of static levels at the outlet of a slot attenuation device, so it is not even completely clear that this 
initial limitation is met. 

It is a basic premise of patent law that in order to anticipate, a single reference must 
disclose within the four corners of the document each and every element and limitation contained 
in the rejected claim. Scripps Clinic & Research Foundation v. Genentech Inc., 18 U.S.P.Q.2d 
1001, 1010 (Fed. Cir. 1991). As discussed above, Gillespie, even when considered in 
conjunction with the teachings of Tortora, fails to disclose certain elements of the claimed 
method. For example, there is no teaching of adding at least one antistatic agent to a melt blend 
in an amount sufficient such that the static level is in the claimed range. 

Accordingly, claim 37 is patentable because Gillespie does not disclose the claimed 
invention. 

Claim 38 

Claim 38 is directed to the method of claim 37, wherein the method comprises adding the 
at least one antistatic agent to the melt blend of the spunbond process in an amount sufficient 
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such that the static level measured at about one half inch below the outlet of the slot attenuation 
device is between -1 kilovolt per inch and 1 kilovolt per inch. 

The deficiencies of Gillespie with respect to claim 37 have been discussed above. Claim 

38 provides further distinction over Gillespie. Claim 38 requires the step of adding at least one 
antistatic agent to a melt blend in an amount sufficient such that the static level measured at 
about one half inch below the outlet of a slot attenuation device is between -1 kilovolt per inch 
and 1 kilovolt per inch. Gillespie includes no disclosure of adding any component as an 
antistatic agent and, even assuming for the sake of argument that nylon is an antistatic agent, 
there is plainly no contemplation in Gillespie of adding it in an amount sufficient to lead to the 
claimed static level range. Thus, Gillespie fails to disclose all of the claimed method steps and 
would not necessarily have the claimed static level. 

It is basic premise of patent law that, in order to anticipate, a single prior art reference 
must disclose within its four corners, each and every element of the claimed invention. Scripps, 
supra. As noted above, Gillespie fails to teach the method of claim 37, as well as the additional 
features of claim 38. 

Accordingly, claim 38 is patentable because Gillespie does not disclose the claimed 
invention. 

Claim 39 

Claim 39 is directed to the method of claim 37, wherein the static level of the spunbond 
process being reduced, measured at the outlet of a slot attenuation device, is greater than 4 
kilovolt per inch or less than -4 kilovolt per inch. 

The deficiencies of Gillespie with respect to claim 37 have been discussed above. Claim 

39 provides further distinction over Gillespie. Claim 39 requires that the static level of the 
spunbond process being reduced, measured at the outlet of a slot attenuation device, is greater 
than 4 kilovolt per inch or less than -4 kilovolt per inch. Gillespie includes no discussion of 
static levels at the outlet of a slot attenuation device, so it is not clear that this initial limitation is 
met. 

It is basic premise of patent law that, in order to anticipate, a single prior art reference 
must disclose within its four corners, each and every element of the claimed invention. Scripps, 
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supra. As noted above, Gillespie fails to teach the method of claim 37, as well as the additional 
features of claim 39. 

Accordingly, claim 39 is patentable because Gillespie does not disclose the claimed 
invention. 

Claim 40 

Claim 40 is directed to the method of claim 39, wherein the method comprises adding the 
at least one antistatic agent to the melt blend of the spunbond process in an amount sufficient 
such that the static level measured at about one half inch below the outlet of the slot attenuation 
device is between -1 kilovolt per inch and 1 kilovolt per inch. 

The deficiencies of Gillespie with respect to claim 39 have been discussed above. Claim 
40 provides further distinction over Gillespie. Claim 40 requires the step of adding at least one 
antistatic agent to a melt blend in an amount sufficient such that the static level measured at 
about one half inch below the outlet of a slot attenuation device ig between ~ ! kilovolt per inch 
and 1 kilovolt per inch. Gillespie includes no disclosure of adding any component as an 
antistatic agent and. even assuming for the sake of argument that nylon is an antistatic agent, 
there is plainly no contemplation in Gillespie of adding it in an amount sufficient to lead to the 
claimed static level range. Thus, Gillespie fails to disclose all of the claimed method steps and 
would not necessarily have the claimed static level. 

It is basic premise of patent law that, in order to anticipate, a single prior art reference 
must disclose within its four corners, each and every element of the claimed invention. Scripps, 
supra. As noted above. Gillespie fails to teach the method of claim 39, as well as the additional 
features of claim 40. 

Accordingly, claim 40 is patentable because Gillespie does not disclose the claimed 
invention. 
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D. Claims 1-5, 13-15, 17-20, 25, 26, and 35-40 arc patentable because the 
Examiner has not established a prima facie case of obviousness. 

Claims 1-5, 13-15, 17-20, 25, 26, and 35-40 have been rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Gillespie in view of Tortora. Appealed claims 1-5, 13-15, 17-20, 25, 
26, and 35-40 do not stand or fall together for purposes of the Appeal of this rejection under 35 
U.S.C. § 103(a). 

Claims 1-5. 14, 15. 17-19, 26, and 35 

Independent claim 1 is directed to a method of producing a spunbonded nonwoven fabric. 
The method comprises the steps of: forming, in an extruder, a melt blend of at least one polymer 
and, additionally, at least (>ncj^static agent present in an amount sufficient such that the static 
level measured at about one half inch below the outlet of a slot attenuation device is between -2 
kilovolt per inch and 2 kilovolt per inch; extruding said blend in the form of a plurality of 
filaments, directing the filaments through the slot attenuation device, drawing the filaments to 
orient them, depositing the filaments onto a collection surface to form a web, and bonding the 
filaments of the web. The filaments of the web are bonded at a temperature of between 1 80°C 
and about 250°C, and the static level measured at about one half inch below the outlet of the slot 
attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. Without addition of 
the at least one antistatic agent, a static level measured at about one half inch below the outlet of 
the slot attenuation device is greater than 2 kilovolt per inch or less than -2 kilovolt per inch. 
The at least one antistatic agent does not cause a defect in the spunbonded nonwoven fabric. 

Independent claim 17 is directed to a method of producing a spunbonded nonwoven 
fabric. The method comprises the steps of: forming one or more melt blends of polymer and, 
additionally, one or more antistatic agents either in a master batch or a base resin present in an 
amount sufficient such that the static level measured at about one half inch below the outlet of a 
slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch; extruding said 
blend or blends through separate extruders into the form of a plurality of multicomponent 
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filaments with the blend or blends of polymer and one or more antistatic agents forming a 
portion of the surface of the filaments; directing the filaments through the slot attenuation 
device; drawing the 11 laments to orient them; depositing the filaments onto a collection surface to 
form a web; and bonding the filaments of the web. The filaments of the web are bonded at a 
temperature of between 180 °C and about 250 "C, and the static level measured at about one half 
inch below the outlet of the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt 
per inch. Without addition of the at least one antistatic agent, a static level measured at about 
one half inch below the outlet of the slot attenuation device is greater than 2 kilovolt per inch or 
less than -2 kilovolt per inch. The at least one antistatic agent does not cause a defect in the 
spunbonded nonwoven fabric. 

Independent claim 35 is directed to a method of producing a spunbonded nonwoven 
fabric. The method comprises the steps of: forming, in an extruder, a melt blend of at least one 
polymer; extruding said blend in the form of a plurality of filaments; directing the filaments 
through the slot attenuation device and drawing the filaments to orient them; depositing the 
filaments onto a collection surface to form a web; and bonding the filaments of the web. The 
filaments of the web are bonded at a temperature of between 180°C and about 250°C, wherein 
the method further comprises adding to the melt blend, before extruding said blend, at least one 
antistatic agent in an amount sufficient to reduce the static level measured at about one half inch 
below the outlet of the slot attenuation device from greater than 2 kilovolt per inch or less than -2 
kilovolt per inch to between-2 kilovolt per inch and 2 kilovolt per inch. The at least one 
antistatic agent does not cause a defect in the spunbonded nonwoven fabric. 

The Action states at page 6 that Gillespie teaches addition of an antistatic agent by 
disclosing that nylon or polyester can be used. The Action also asserts at pages 7-8 that Gillespie 
in view of Tortora would necessarily teach the claimed result of reducing the static level because 
Gillespie teaches each of the claimed process steps. However, this is not true. The claimed 
method requires the step of adding at least one antistatic agent to a melt blend in an amount 
sufficient such that the static level measured at about one half inch below the outlet of a slot 
attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. Gillespie includes no 
disclosure of adding any component as an antistatic agent and, even assuming for the sake of 
argument that nylon is an antistatic agent, there is plainly no contemplation in Gillespie of 
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adding it in an amount sufficient to lead to the claimed static level range. Thus, there is in fact 
no teaching or suggestion of this step in the cited references. 

Moreover, the claimed invention requires that the filaments of the web are bonded at a 
temperature of between 180 °C and about 250 °C. As discussed in paragraph 4 of the December 
20 1 0 Ortega Declaration, the melting point of polyolefins is much lower than that of nylon. 
Polyolefin fabric, as in the type used in Gillespie, would completely melt if a bonding 
temperature of between 180 °C and about 250 °C were used. This point is emphasized in 
Gillespie (column 8, lines 40-52) and in U.S. Patent Application Publication No. 2003/0181 1 12 
(submitted with the Amendment of December 6, 2010 and included in the Evidence Appendix). 
Thus, a polyolefin fabric would completely melt, potentially destroying the spunbonding 
equipment, if a bonding temperature of between 180 °C and about 250 °C were used. A person 
of ordinary skill in the art would not have found a reason to use such a bonding temperature with 
the Gillespie process. 

The Action at page 7 refers to the statement of Tortora that "spunbonding is necessarily 
done by bonding the filaments while they [are] partially molten." However, this statement of 
Tortora is incorrect. In a spunbonding process, after the filaments are extruded, they are 
quenched (cooled), drawn, and laid on a web before being bonded. The filaments may be molten 
when they are bonded (for example, by being melted again in a calendar), but they are not 
necessarily at the same temperature at which they are extruded. In the signed Declaration Under 
37 C.F.R. 1.132 of Dr. Billie Collier (executed November 5, 2009; submitted with the 
Amendment filed November 6, 2009 and entered into the record; hereinafter referred to as "the 
Collier Declaration"), Dr. Collier clarifies that the description of the spunbonding process given 
in the first paragraph of page 330 of the Tortora reference is incomplete. Dr. Collier is one of the 
co-authors of the Tortora reference and has no financial interest in the subject application. As 
discussed in paragraph 2 of the Collier Declaration, in the most recent edition (seventh edition. 
2009) of Understanding Textiles, the description has been expanded upon to include description 
of the cooling, drawing, and depositing that takes place between the extrusion and the bonding. 
This is also discussed in paragraph 1 of the signed Declaration Under 37 C.F.R. 1.132 of Albert 
Ortega (executed November 6, 2009; submitted with the Amendment filed November 6, 2009 
and entered into the record; hereinafter referred to as "the November 2009 Ortega Declaration"). 
Thus, as demonstrated by paragraph 1 of the November 2009 Ortega Declaration and paragraphs 
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1 and 2 of the Collier Declaration, a person of ordinary skill in the art would readily understand 
that bonding does not necessarily take place at the same temperature as extrusion. 

Additionally, the Action at page 7 refers to Tortora's bicomponent fibers containing 
metal or carbon as antistatic agents and asserts that it would have been obvious to include these 
in the Gillespie process in order to control electrical properties (referring to column 5, lines 35- 
42 of Gillespie) and because Gillespie teaches producing a desired product by combining 
polymers in the melt blend. However, a very high amount of carbon black is required to see any 
appreciable antistatic effect (sec, e.g., U.S. Patent Nos. 2,845,962 and 5,277,855 submitted with 
the Amendment of April 24, 2008 and included in the Evidence Appendix). For example, U.S. 
Patent No. 2,845,962 discusses that a proportion of carbon black of around 25% should be used 
in an antistatic fabric (column 1, line 64 to column 2, line 5). Also, as discussed in paragraph 1 
of the signed Declaration Under 37 C.F.R. 1.132 of Albert Ortega (executed October 11, 2007; 
submitted with the Amendment filed October 12, 2007 and entered into the record; hereinafter 
referred to as "the October 2007 Ortega Declaration"), it is well-known in the art that using 
carbon black in the melt stream of a polymer, especially in high proportions, would severely plug 
filters and packs. The amount of carbon black or metal that would be required to be present in 
the melt in order to be sufficient to reduce a static level as claimed would be so high that a 
skilled artisan would not have had a reasonable expectation of success in being able to complete 
the process (especially the extruding). A reasonable expectation of success is necessary for a 
prima facie case of obviousness. In re Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); 
In re Merck & Co., Inc., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986); Ex parte Erlich, 
3 USPQ2d 1011 (Bd. Pat. App. & Inter. 1986); MPEP §2143.02. 

Moreover, as discussed in paragraph 1 of the December 2010 Ortega Declaration, using 
bicomponent fibers containing metal or carbon in a spunbond process is very expensive, plugs 
filters and packs, and changes the natural color of the fabric being produced. If metal or carbon 
were used as an antistatic agent in a spunbond process, the unintended consequence of changing 
the color would be considered by a skilled artisan as causing a defect in the spunbonded fabric. 
In addition, the high amount of metal and/or carbon that would be required to be added in order 
to reduce the static level measured at about one half inch below the outlet of the slot attenuation 
device from greater than 2 kilovolt per inch or less than -2 kilovolt per inch to between -2 
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kilovolt per inch and 2 kilovoll per inch would significantly change the natural color of the 
spunbonded fabric being produced. 

Furthermore, as discussed in paragraphs 5 and 6 of the December 2010 Ortega 
Declaration. Gillespie's comments regarding controlling electrical properties are not related to 
minimizing static issues but rather producing a splittable filament. Gillespie teaches that "[a] 
triboclectric charge can be developed in the filaments to promote separation... [aj nylon 
component can develop such a static charge... (and) fajn external electric field can be applied to 
the filaments... to augment the separation" (column 9, lines 53-63). Thus, addition to the melt 
blend, in the Gillespie process, of additives that would lower the static level at the outlet of an 
attenuation device, would inhibit separation of the filaments, in direct contrast to the goal of the 
Gillespie process (see, e.g., paragraph 6 of the December 2010 Ortega Declaration). A proposed 
modification cannot render (purported) prior art unsatisfactory for its intended purpose or change 
the principle of operation of a reference. In re Gordon, 733 F.2d 900, 221 USPQ 1125 (Fed. Cir. 
1984); In re Ratti, 270 F.2d 810, 123 USPQ 349 (CCPA 1959); MPEP §2143.01(V and VI). 

When determining whether a claim is obvious, an examiner must make "a searching 
comparison of the claimed invention - including all its limitations - with the teaching of the 
prior art." In re Ochiai, 71 F.3d 1565, 1572 (Fed. Cir. 1995) (emphasis added). Thus, 
"obviousness requires a suggestion of all limitations in a claim." CFMT, Inc. v. Yieldup Intern. 
Corp., 349 F.3d 1333, 1342 (Fed. Cir. 2003) (citing In re Royka, 490 F.2d 981, 985 (CCPA 
1974)). Moreover, as the Supreme Court recently stated, "there must be some articulated 
reasoning with some rational underpinning to support the legal conclusion of obviousness." KSR 
Int'l v. Teleflex Inc., 127 S. Ct. 1727. 1741 (2007) (quoting In re Kahn, 441 F.3d 977, 988 (Fed. 
Cir. 2006) (emphasis added). The combination of cited references fails to teach or suggest the 
claimed method, including adding at least one antistatic agent to a melt blend in an amount 
sufficien t such that the static level is in the claimed range. Also, a skilled artisan would not have 
found a reason to bond at the claimed temperature range as such high temperatures would cause 
the polyolefins to melt, potentially ruining the process equipment. In addition, the bicomponent 
fibers of Tortora would not be used as antistatic agents because they would cause multiple 
problems, including color defects. The claimed method requires that the addition of an antistatic 
agent does not cause any defects. 
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Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 1-5. 14. 15. 17-19.26. and 35. 

Claim 37 

Independent claim 37 is directed to a method of reducing the static level of a spunbond 
process having a static level measured at the outlet of a slot attenuation device of greater than 2 
kilovolt per inch or less than -2 kilovolt per inch. The method comprises adding at least one 
antistatic agent to a melt blend of the spunbond process, before extruding the melt blend, in an 
amount sufficient such that the static level measured at about one half inch below the outlet of 
the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. The at least 
one antistatic agent does not cause a defect in a spunbonded nonwoven fabric produced by the 
spunbond process. 

The Action states at page 6 that Gillespie teaches addition of an antistatic agent by 
disclosing that nylon or polyester can be used. The Action also asserts at pages 7-8 that Gillespie 
in view of Tortora would necessarily teach the claimed result of reducing the static level because 
Gillespie teaches each of the claimed process steps. However, this is not true. The claimed 
method requires the step of adding at least one antistatic agent to a melt blend in an amount 
sufficient such that the static level measured at about one half inch below the outlet of a slot 
attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. Gillespie includes no 
disclosure of adding any component as an antistatic agent and, even assuming for the sake of 
argument that nylon is an antistatic agent, there is plainly no contemplation in Gillespie of 
adding it in an amount sufficient to lead to the claimed static level range. Thus, there is in fact 
no teaching or suggestion of this step in the cited references. 

Additionally, the Action at page 7 refers to Tortora' s bicomponent fibers containing 
metal or carbon as antistatic agents and asserts that it would have been obvious to include these 
in the Gillespie process in order to control electrical properties (referring to column 5. lines 35- 
42 of Gillespie) and because Gillespie teaches producing a desired product by combining 
polymers in the melt blend. However, a very high amount of carbon black is required to see any 
appreciable antistatic effect (see. e.g., U.S. Patent Nos. 2,845,962 and 5,277,855). For example, 
U.S. Patent No. 2,845,962 discusses that a proportion of carbon black of around 25% should be 
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used in an antistatic fabric (column 1, line 64 to column 2, line 5). Also, as discussed in 
paragraph 1 of the October 2007 Ortega Declaration, it is well-known in the art that using carbon 
black in the melt stream of a polymer, especially in high proportions, would severely plug filters 
and packs. The amount of carbon black or metal that would be required to be present in the melt 
in order to be sufficient to reduce a static level as claimed would be so high that a skilled artisan 
would not have had a reasonable expectation of success in being able to complete the process 
(especially the extruding). A reasonable expectation of success is necessary for a prima facie 
case of obviousness. In re Rinehart, supra.; In re Merck & Co., Inc., supra.; Ex parte Erlich, 
supra.; MPEP §2143.02. 

Moreover, as discussed in paragraph 1 of the December 2010 Ortega Declaration, using 
bicomponent fibers containing metal or carbon in a spunbond process is very expensive, plugs 
filters and packs, and changes the natural color of the fabric being produced. If metal or carbon 
were used as an antistatic agent in a spunbond process, the unintended consequence of changing 
the color would be considered by a skilled artisan as causing a defect in the spunbonded fabric. 
In addition, the high amount of metal and/or carbon that would be required to be added in order 
to reduce the static level measured at about one half inch below the outlet of the slot attenuation 
device from greater than 2 kilovolt per inch or less than -2 kilovolt per inch to between -2 
kilovolt per inch and 2 kilovolt per inch would significantly change the natural color of the 
spunbonded fabric being produced. 

Furthermore, as discussed in paragraphs 5 and 6 of the December 2010 Ortega 
Declaration, Gillespie's comments regarding controlling electrical properties are not related to 
minimizing static issues but rather producing a splittable filament. Gillespie teaches that "[a] 
triboelectric charge can be developed in the filaments to promote separation... [a] nylon 
component can develop such a static charge... (and) [a]n external electric field can be applied to 
the filaments... to augment the separation" (column 9, lines 53-63). Thus, addition to the melt 
blend, in the Gillespie process, of additives that would lower the static level at the outlet of an 
attenuation device would inhibit separation of the filaments, in direct contrast to the goal of the 
Gillespie process (sec. e.g., paragraph 6 of the December 2010 Ortega Declaration). A proposed 
modification cannot render (purported) prior art unsatisfactory for its intended purpose or change 
the principle of operation of a reference. In re Gordon, supra.; In re Ratti, supra.; MPEP 
§2143.01(Vand VI). 
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When determining whether a claim is obvious, an examiner must make "a searching 
comparison of the claimed invention — including all its limitations - with the teaching of the 
prior art." In re Ochiai, supra, (emphasis added). Thus, "obviousness requires a suggestion of all 
limitations in a claim." CFMT, Inc. v. Yieldup Intern. Corp., supra.) (citing In re Royka, supra.). 
Moreover, as the Supreme Court recently stated, "there must be some articulated reasoning with 
some rational underpinning to support the legal conclusion of obviousness." KSR hit 7 v. Teleflex 
Inc., supra, (quoting In re Kahn, supra, (emphasis added)). The combination of cited references 
fails to teach or suggest the claimed method, including adding at least one antistatic agent to a 
melt blend in an amount sufficient such that the static level is in the claimed range. Also, a 
skilled artisan would not have found a reason to bond at the claimed temperature range as such 
high temperatures would cause the polyolefins to melt, potentially ruining the process 
equipment. In addition, the bicomponent fibers of Tortora would not be used as antistatic agents 
because they would cause multiple problems, including color defects. The claimed method 
requires that the addition of an antistatic agent does not cause any defects. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claim 37. 

Claims 13.25.36. and 38 

Claims 13, 25, 36, and 38 each require that the static level measured at about one half 
inch below the outlet of the slot attenuation device is between about -1 kilovolt per inch and 
about 1 kilovolt per inch. 

The deficiencies of the combination of Gillespie and Tortora with respect to claims 1, 17, 
35, and 37 have been discussed above. Claims 13, 25, 36, and 38 each provide further 
distinction over the combination of Gillespie and Tortora. The claimed method requires the step 
of adding at least one antistatic agent to a melt blend in a n amount sufficient such that the static 
level measured at about one half inch below the outlet of a slot attenuation device is between -1 
kilovolt per inch and 1 kilovolt per inch. Gillespie includes no disclosure of adding any 
component as an antistatic agent and, even assuming for the sake of argument that the cited 
combination does disclose addition of antistatic agent, there is no teaching or suggestion of 
adding such an agent in an amount sufficient to lead to the claimed static level range. 
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Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 13. 25. 36. and 38. 

Claims 20 and 39 

Claims 20 and 39 each require that the static level of the spunbond process being 
reduced, measured at the outlet of a slot attenuation device, is greater than 4 kilovolt per inch or 
less than -4 kilovolt per inch. 

The deficiencies of the combination of Gillespie and Tortora with respect to claims 17 
and 37 have been discussed above. Claims 20 and 39 each provide further distinction over the 
combination of Gillespie and Tortora. Gillespie includes no discussion of static levels at the 
outlet of a slot attenuation device, so it is not clear that this initial limitation is met. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 20 and 39. 

Claim 40 

Claim 40 is directed to the method of claim 39, wherein the method comprises adding the 
at least one antistatic agent to the melt blend of the spunbond process in an amount sufficient 
such that the static level measured at about one half inch below the outlet of the slot attenuation 
device is between -1 kilovolt per inch and 1 kilovolt per inch. 

The deficiencies of the combination of Gillespie and Tortora with respect to claim 39 
have been discussed above. Claim 40 provides further distinction over the combination of 
Gillespie and Tortora. The claimed method requires the step of adding at least one antistatic 
agent to a melt blend in an amount sufficient such that the static level measured at about one half 
inch below the outlet of a slot attenuation device is between -1 kilovolt per inch and 1 kilovolt 
per inch. Gillespie includes no disclosure of adding any component as an antistatic agent and, 
even assuming for the sake of argument that the cited combination does disclose addition of 
antistatic agent, there is no teaching or suggestion of adding such an agent in an amount 
sufficient to lead to the claimed static level range. 
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Accordingly, the Examiner has not established a prima facie case of obviousness for 
claim 40. 

E. Claims 1-5, 10, 11, 13-20, 25, 26, 28, and 35-40 are patentable because the 
Examiner has not established a prima facie case of obviousness. 

Claims 1-5, 10, 11, 1 3-20, 25, 26, 28, and 35-40 have been rejected under 35 U.S.C. 
§ 103(a) as being unpatentable over Gillespie in view of Tortora and in further view of either 
Warburton (U.S. Patent No. 4,081,383) or George (U.S. Patent No. 4,167,464). Appealed claims 
1-5, 10, 1 1, 13-20, 25, 26, 28, and 35-40 do not stand or fall together for purposes of the Appeal 
of this rejection under 35 U.S.C, § 103(a). 

Claims 1-5. 14, 15. 17-19. 26. and 35 

Independent claim 1 is directed to a method of producing a spunbonded nonwoven fabric. 
The method comprises the steps of: forming, in an extruder, a melt blend of at least one polymer 
and, additionally, at least one antistatic agent present in an amount sufficient such that the static 
level measured at about one half inch below the outlet of a slot attenuation device is between -2 
kilovolt per inch and 2 kilovolt per inch; extruding said blend in the form of a plurality of 
filaments, directing the filaments through the slot attenuation device, drawing the filaments to 
orient them, depositing the filaments onto a collection surface to form a web, and bonding the 
filaments of the web. The filaments of the web arc bonded at a temperature of between 1 80°C 
and about 250°C, and the static level measured at about one half inch below the outlet of the slot 
attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. Without addition of 
the at least one antistatic agent, a static level measured at about one half inch below the outlet of 
the slot attenuation device is greater than 2 kilovolt per inch or less than -2 kilovolt per inch. 
The at least one antistatic agent does not cause a defect in the spunbonded nonwoven fabric. 

Independent claim 17 is directed to a method of producing a spunbonded nonwoven 
fabric. The method comprises the steps of: forming one or more melt blends of polymer and, 
additionally, one or more antistatic agents either in a master batch or a base resin present in an 
amount sufficient such that the static level measured at about one half inch below the outlet of a 
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slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch; extruding said 
blend or blends through separate extruders into the form of a plurality of multicomponent 
filaments with the blend or blends of polymer and one or more antistatic agents forming a 
portion of the surface of the filaments; directing the filaments through the slot attenuation 
device; drawing the filaments to orient them; depositing the filaments onto a collection surface to 
form a web: and bonding the filaments of the web. The filaments of the web are bonded at a 
temperature of between 180 °C and about 250 °C, and the static level measured at about one half 
inch below the outlet of the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt 
per inch. Without addition of the at least one antistatic agent, a static level measured at about 
one half inch below the outlet of the slot attenuation device is greater than 2 kilovolt per inch or 
less than -2 kilovolt per inch. The at least one antistatic agent does not cause a defect in the 
spunbonded nonwoven fabric. 

Independent claim 35 is directed to a method of producing a spunbonded nonwoven 
fabric. The method comprises the steps of: forming, in an extruder, a melt blend of at least one 
polymer; extruding said blend in the form of a plurality of filaments; directing the filaments 
through the slot attenuation device and drawing the filaments to orient them; depositing the 
filaments onto a collection surface to form a web; and bonding the filaments of the web. The 
filaments of the web are bonded at a temperature of between 180°C and about 250°C, wherein 
the method further comprises adding to the melt blend, before extruding said blend, at least one 
antistatic agent in an amount sufficient to reduce the static level measured at about one half inch 
below the outlet of the slot attenuation device from greater than 2 kilovolt per inch or less than -2 
kilovolt per inch to between-2 kilovolt per inch and 2 kilovolt per inch. The at least one 
antistatic agent does not cause a defect in the spunbonded nonwoven fabric. 

The deficiencies of the combination of Gillespie and Tortora have been discussed above 
in Subsection D, and that discussion is incorporated herein by reference in its entirety. The 
Appellant will now address specific points related to the combination of Gillespie and Tortora 
with either Warburton or George. 

The Action states at page 12 that Gillespie teaches to incorporate into the polymer melt 
components to control electrical properties, citing column 5, lines 35-42. However, as discussed 
above and in paragraphs 5 and 6 of the December 2010 Ortega Declaration, Gillespie is primarily 
concerned with producing splittable filaments (see, e.g., column 5, lines 38-39). and the only 
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additives to control electrical properties contemplated by Gillespie are those that might increase 
static buildup at the outlet of an attenuation device. As Gillespie teaches at column 9, lines 53- 
63, "|aj triboelectric charge can be developed in the filaments to promote separation.. . jaj nylon 
component can develop such a static charge... (and) [ajn external electric field can be applied to 
the filaments... to augment the separation " (emphasis added). Thus, Gillespie teaches away 
from any additives that would lower the static level at the outlet of an attenuation device since 
that would inhibit separation of the filaments, in direct contrast to the goal of the Gillespie 
process. 

The Action also asserts that it would have been obvious to use the copolymer 
composition of Warburton in the extrusion of Gillespie in order to provide the product with 
better anti-soiling properties and to control the anti-soiling treatment's polymer particle size. 
Warburton disclose an aqueous dispersion (column 1, lines 45-47), including a polymeric 
material, as an anti-soiling treatment for carpets and carpet yarns. A person of ordinary skill in 
the art would recognize that addition of water, such as with the aqueous dispersion of Warburton, 
into an extruder would cause problems since it could lead to depolymerization of polymers 
typically used in melt blends (see also paragraph 4 of the November 2009 Ortega Declaration). 
Also, a person of ordinary' skill in the art would not have been motivated to use any individual 
components of the aqueous dispersion of Warburton to attempt to impart anti-soiling properties 
to any fabric; rather the entire dispersion (including the water), would be used, as taught by 
Warburton (see also paragraph 6 of the November 2009 Ortega Declaration). 

Moreover, as discussed in paragraph 5 of the November 2009 Ortega Declaration, since 
the aqueous dispersion of Warburton is applied directly to carpets and/or carpet yarns, a person 
of ordinary skill in the art would not have had a reasonable expectation of success that the 
addition of this dispersion to a melt blend (before extrusion, quenching, drawing, web formation, 
and bonding), would impart any anti-soiling properties to a spunbonded nonwoven fabric like it 
does when applied directly to a carpet or carpet yarn. A reasonable expectation of success is 
necessary for a prima facie case of obviousness. In re Rinehart, supra.; In re Merck & Co., Inc., 
supra.; Ex parte Ertich. supra.; MPEP §2143.02. Nor would a skilled artisan have expected any 
other advantageous properties of Warburton's aqueous dispersion (intended for dire ct application 
to carpets and/or carpet yarns), such as any possible reduction in static build-up (column 6, lines 
34-37), to be imparted to a spunbonded nonwoven fabric, when added to a melt blend (before 
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extrusion, quenching, drawing, web formation, and bonding). Any component added to a melt 
blend will be subjected to high temperatures, so it would not be expected that the same properties 
would be imparted as in the case when Warburton's aqueous dispersion is applied directly to a 
carpet and/or carpet yarn. It would only make sense to apply the aqueous dispersion of 
Warburton to the fi nished fabric of Gillespie since then a skilled artisan could ensure that the 
Warburton dispersion would retain its properties (even though it's not clear if such properties 
would even be imparted to a spunbonded fabric). The claimed invention requires actually 
bonding the filaments at a temperature between 1 80 °C and 250 °G. 

With respect to George, the Action asserts that it would have been obvious to include 
George's copolymer composition in the extrusion of Gillespie in order to provide the product 
with better absorption of water and other bodily fluids. However, the highest temperature any of 
the compounds in George is subjected to is about 50 °C (column 7, lines 64-65). A person of 
ordinary skill in the art would not have reasonably expected any advantageous properties of 
George's interpolymer (only subjected to low temperatures), including water absorbency, to be 
imparted to a spunbonded nonwoven fabric when added to a melt blend, before extrusion, 
quenching, drawing, web formation, and bonding (see also paragraph 8 of the November 2009 
Ortega Declaration). A reasonable expectation of success is necessary for a prima facie case of 
obviousness. In re Rinehart, supra.; In re Merck & Co., Inc., supra.; Ex parte Erlich, supra.; 
MPEP §2143.02. Any component added to a melt blend will be subjected to high temperatures 
(much higher than 50 °C), so it would not be expected that the same properties would be 
imparted after melting the interpolymer and mixing with several other components in a melt 
blend (see also paragraph 8 of the November 2009 Ortega Declaration). It would only make 
sense to apply the film coating of George to the fi nished fabric of Gillespie since then a person of 
ordinary skill in the art could ensure that the George compound would retain its properties (even 
though it's not clear if such properties would even be imparted to a spunbonded fabric). The 
claimed invention requires actually bonding the filaments at a temperature between 180 "C and 
250 °C. 

Furthermore. George discloses the preparation of water absorbent films and fibers by 
photopolymerizing various compounds. As discussed in paragraph 7 of the November 2009 
Ortega Declaration, all of the films and fibers of George contain water (column 7, line 45 
through column 8, line 10; Tables 1 and 2). A skilled artisan would recognize that addition of 
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water into an extruder would cause problems since it could cause depolymerization of polymers 
typically used in melt blends. Additionally, a skilled artisan would not have been motivated to 
use any individual components of the George composition to attempt to impart water absorbency 
properties to any fabric; rather the entire composition (including the water) would be used, as 
taught by George (see also paragraph 9 of the November 2009 Ortega Declaration). 

As discussed above, a person of ordinary skill in the art would not have had a reason to 
include, or a reasonable expectation of success in doing so, any of the substances taught by 
Warburton or George in the melt blend of Gillespie. Even assuming for the sake of argument 
that one of these substances was actually included in Gillespie's melt blend, absent the 
Appellant's disclosure, there would have been no reason to include such a substance in an 
amount sufficient to give a reduction in the static level as claimed. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 1-5, 14, 15, 17-19, 26, and 35. 

Claim 37 

Independent claim 37 is directed to a method of reducing the static level of a spunbond 
process having a static level measured at the outlet of a slot attenuation device of greater than 2 
kilovolt per inch or less than -2 kilovolt per inch. The method comprises adding at least one 
antistatic agent to a melt blend of the spunbond process, before extruding the melt blend, in an 
amount sufficient such that the static level measured at about one half inch below the outlet of 
the slot attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch. The at least 
one antistatic agent does not cause a defect in a spunbonded nonwoven fabric produced by the 
spunbond process. 

The deficiencies of the combination of Gillespie and Tortora have been discussed above 
in Subsection D, and that discussion is incorporated herein by reference in its entirety. The 
Appellant will now address specific points related to the combination of Gillespie and Tortora 
with either Warburton or George. 

The Action states at page 12 that Gillespie teaches to incoiporatc into the polymer melt 
components to control electrical properties, citing column 5, lines 35-42. However, as discussed 
above and in paragraphs 5 and 6 of the December 2010 Ortega Declaration. Gillespie is primarily 
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concerned with producing splittable filaments (see, e.g., column 5, lines 38-39), and the only 
additives to control electrical properties contemplated by Gillespie are those that might increase 
static buildup at the outlet of an attenuation device. As Gillespie teaches at column 9, lines 53- 
63, ''la] triboclcctric charge can be developed in the filaments to promote separation. .. [a] nylon 
component can develop such a static charge... (and) [a]n external electric field can be applied to 
the filaments... to augment the separation " (emphasis added). Thus, Gillespie teaches away 
from any additives that would lower the static level at the outlet of an attenuation device since 
that would inhibit separation of the filaments, in direct contrast to the goal of the Gillespie 
process. 

The Action also asserts that it would have been obvious to use the copolymer 
composition of Warburton in the extrusion of Gillespie in order to provide the product with 
better anti-soiling properties and to control the anti-soiling treatment's polymer particle size. 
Warburton disclose an aqueous dispersion (column 1, lines 45-47), including a polymeric 
material, as an anti-soiling treatment for carpets and carpet yarns. A person of ordinary skill in 
the art would recognize that addition of water, such as with the aqueous dispersion of Warburton, 
into an extruder would cause problems since it could lead to depolymerization of polymers 
typically used in melt blends (see also paragraph 4 of the November 2009 Ortega Declaration). 
Also, a person of ordinary skill in the art would not have been motivated to use any individual 
components of the aqueous dispersion of Warburton to attempt to impart anti-soiling properties 
to any fabric; rather the entire dispersion (including the water), would be used, as taught by 
Warburton (see also paragraph 6 of the November 2009 Ortega Declaration). 

Moreover, as discussed in paragraph 5 of the November 2009 Ortega Declaration, since 
the aqueous dispersion of Warburton is applied directly to carpets and/or carpet yarns, a person 
of ordinary skill in the art would not have had a reasonable expectation of success that the 
addition of this dispersion to a melt blend (before extrusion, quenching, drawing, web formation, 
and bonding), would impart any anti-soiling properties to a spunbonded nonwoven fabric like it 
does when applied directly to a carpet or carpet yarn. A reasonable expectation of success is 
necessary for a prima facie case of obviousness. In re Rinehart, supra.; In re Merck & Co., Inc., 
supra.; Ex parte Erlich, supra.; MP HP §2143.02. Nor would a skilled artisan have expected any 
other advantageous properties of Warburton's aqueous dispersion (intended for direct application 
to carpets and/or carpet yarns), such as any possible reduction in static build-up (column 6, lines 



J:\CRX\I06XI. ! 'I'M. > Appeal Brief.doc 



24 



Docket No. CRX.106XC1 
Serial No. 10/662,492 

34-37), to be imparted to a spunbonded nonwoven fabric, when added to a melt blend (before 
extrusion, quenching, drawing, web formation, and bonding). Any component added to a melt 
blend will be subjected to high temperatures, so it would not be expected that the same properties 
would be imparted as in the case when Warburton' s aqueous dispersion is applied directly to a 
carpet and/or carpet yarn. It would only make sense to apply the aqueous dispersion of 
Warburton to the finished fabric of Gillespie since then a skilled artisan could ensure that the 
Warburton dispersion would retain its properties (even though it's not clear if such properties 
would even be imparted to a spunbonded fabric). 

With respect to George, the Action asserts that it would have been obvious to include 
George's copolymer composition in the extrusion of Gillespie in order to provide the product 
with better absorption of water and other bodily fluids. However, the highest temperature any of 
the compounds in George is subjected to is about 50 °C (column 7, lines 64-65). A person of 
ordinary skill in the art would not have reasonably expected any advantageous properties of 
George's interpolymer (only subjected to low temperatures), including water absorbency, to be 
imparted to a spunbonded nonwoven fabric when added to a melt blend, before extrusion, 
quenching, drawing, web formation, and bonding (see also paragraph 8 of the November 2009 
Ortega Declaration). A reasonable expectation of success is necessary for a prima facie case of 
obviousness. In re Rinehart, supra.; In re Merck & Co., Inc., supra.; Ex parte Erlich, supra.; 
MPEP §2143.02. Any component added to a melt blend will be subjected to high temperatures 
(much higher than 50 °C), so it would not be expected that the same properties would be 
imparted after melting the interpolymer and mixing with several other components in a melt 
blend (see also paragraph 8 of the November 2009 Ortega Declaration). It would only make 
sense to apply the film coating of George to the finished fabric of Gillespie since then a person of 
ordinary skill in the art could ensure that the George compound would retain its properties (even 
though it's not clear if such properties would even be imparted to a spunbonded fabric). 

Furthermore, George discloses the preparation of water absorbent films and fibers by 
photopolymeri/.ing various compounds. As discussed in paragraph 7 of the November 2009 
Ortega Declaration, all of the films and fibers of George contain water (column 7, line 45 
through column 8, line 10; fables 1 and 2). A skilled artisan would recognize that addition of 
water into an extruder would cause problems since it could cause depolymerization of polymers 
typically used in melt blends. Additionally, a skilled artisan would not have been motivated to 
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use any individual components of the George composition to attempt to impart water absorbency 
properties to any fabric; rather the entire composition (including the water) would be used, as 
taught by George (see also paragraph 9 of the November 2009 Ortega Declaration). 

As discussed above, a person of ordinary skill in the art would not have had a reason to 
include, or a reasonable expectation of success in doing so, any of the substances taught by 
Warburton or George in the melt blend of Gillespie. Even assuming for the sake of argument 
that one of these substances was actually included in Gillespie's melt blend, absent the 
Appellant's disclosure, there would have been no reason to include such a substance in an 
amount sufficient to give a reduction in the static level as claimed. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claim 37. 

Claims 10. 1 1, 16. and 28 

The deficiencies of the combination of Gillespie, Tortora, and either Warburton or 
George, with respect to claims 1 and 17, have been discussed above. Claims 10, 11, 16, and 28 
each recite specific materials for the antistatic agent. The Action cites Warburton or George for 
allegedly disclosing the materials of claims 10, 11, 16, and 28, and asserts that it would have 
been obvious to include these materials in the Gillespie/Tortora process. As discussed above, a 
person of ordinary skill in the art would not have had a reason to include, or a reasonable 
expectation of success in doing so, any of the substances taught by Warburton or George in the 
melt blend of Gillespie. Thus, there is no teaching or suggestion in the combination of cited 
references of the methods of claims 1 or 17, including the specific materials recited in claims 10, 
11. 16. or 28. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 10, 11, 16. and 28. 
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Claims 13.25.36. and 38 

Claims 13, 25, 36. and 38 each require that the static level measured at about one half 
inch below the outlet of the slot attenuation device is between about -1 kilovolt per inch and 
about 1 kilovolt per inch. 

The deficiencies of the combination of Gillespie, Tortora, and either Warburton or 
George, with respect to claims 1,17, 35, and 37, have been discussed above. Claims 13, 25, 36, 
and 38 each provide further distinction over the combination of Gillespie, Tortora, and 
Warburton or George. The claimed method requires the step of adding at least one antistatic 
agent to a melt blend in an amount sufficient such that the static level measured at about one half 
inch below the outlet of a slot attenuation device is between -1 kilovolt per inch and 1 kilovolt 
per inch. Gillespie includes no disclosure of adding any component as an antistatic agent and, 
even assuming for the sake of argument that the cited combination does disclose addition of 
antistatic agent, there is no teaching or suggestion of adding such an agent in an amount 
sufficient to lead to the claimed static level range. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 13,25,36, and 38. 

Claims 20 and 39 

Claims 20 and 39 each require that the static level of the spunbond process being 
reduced, measured at the outlet of a slot attenuation device, is greater than 4 kilovolt per inch or 
less than -4 kilovolt per inch. 

The deficiencies of the combination of Gillespie, Tortora, and either Warburton or 
George, with respect to claims 17 and 37, have been discussed above. Claims 20 and 39 each 
provide further distinction over the combination of Gillespie, Tortora, and Warburton or George. 
Gillespie includes no discussion of static levels at the outlet of a slot attenuation device, so it is 
not clear that this initial limitation is met. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claims 20 and 39. 



JX-R.V 1 06X0 1 '.PTCXAppcal Brief. doc 



27 



Docket No. CRX.106XC1 
Serial No. 10/662,492 

Claim 40 

Claim 40 is directed to the method of claim 39, wherein the method comprises adding the 
at least one antistatic agent to the melt blend of the spun bond process in an amount sufficient 
such that the static level measured at about one half inch below the outlet of the slot attenuation 
device is between - 1 kilovolt per inch and 1 kilo volt per inch. 

The deficiencies of the combination of Gillespie, Tortora. and either Warburton or 
George, with respect to claim 39, have been discussed above. Claim 40 provides further 
distinction over the combination of Gillespie, Tortora, and Warburton or George. The claimed 
method requires the step of adding at least one antistatic agent to a melt blend in an amount 
sufficient such that the static level measured at about one half inch below the outlet of a slot 
attenuation device is between -1 kilovolt per inch and 1 kilovolt per inch. Gillespie includes no 
disclosure of adding any component as an antistatic agent and, even assuming for the sake of 
argument that the cited combination does disclose addition of antistatic agent, there is no 
teaching or suggestion of adding such an agent in an amount sufficient to lead to the claimed 
static level range. 

Accordingly, the Examiner has not established a prima facie case of obviousness for 
claim 40. 
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F. Conclusion 

In view of the foregoing, the Appellant urges the Board to reverse the outstanding 
rejections under 35 U.S.C. §112, first paragraph, 35 U.S.C. §112, second paragraph, 35 U.S.C. 
§ 102(b), and 35 U.S.C. § 103(a), and pass this application to issuance. 



Respectfully submitted. 




Louis C. Frank 

Patent Attorney 

Registration No. 60,034 

Phone No.: 352-375-8100 

Fax No.: 352-372-5800 

Address: Saliwanchik, Lloyd & Eisenschenk 
A Professional Association 
P.O. Box 142950 
Gainesville, FL 32614-2950 
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VIII. CLAIMS APPENDIX 

1. A method of producing a spunbonded nonwoven fabric comprising the steps of: 
forming, in an extruder, a melt blend of at least one polymer and, additionally at least one 

antistatic agent present in an amount sufficient such that the static level measured at about one 
half inch below the outlet of a slot attenuation device is between -2 kilovolt per inch and 2 
kilovolt per inch, 

extruding said blend in the form of a plurality of filaments, 

directing the filaments through the slot attenuation device, 

drawing the filaments to orient them, 

depositing the filaments onto a collection surface to form a web, and 
bonding the filaments of the web; 

wherein the filaments of the web are bonded at a temperature of between 1 80°C and 
about 250°C; 

wherein the static level measured at about one half inch below the outlet of the slot 
attenuation device is between -2 kilovolt per inch and 2 kilovolt per inch; 

wherein, without addition of the at least one antistatic agent, a static level measured at 
about one half inch below the outlet of the slot attenuation device is greater than 2 kilovolt per 
inch or less than -2 kilovolt per inch; and 

wherein the at least one antistatic agent does not cause a defect in the spunbonded 
nonwoven fabric. 

2. The method, according to claim 1, wherein the filaments comprise nylon, polyester, 
acrylic, polyethylene. polypropylene, polybutylene tcrcphthalate, poly(trimethylene 
terephthalate), or polylactic acid polymers; or a combination of these polymers. 

3. The method, according to claim 2, wherein the filaments comprise nylon 6; nylon 6.6: 
nylon 6,10; nylon 6,12; nylon 1 1; nylon 12; or nylon copolymers; or a combination of these 
nylon polymers. 

4. The method, according to claim 1, wherein said method utilizes two or more melt 
blends of polymer. 
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5. The method, according to claim 1, wherein, without addition of the at least one 
antistatic agent, a static level measured at about one half inch below the outlet of the slot 
attenuation device is greater than 4 kilovolt per inch or less than -4 kilovolt per inch. 

Claim 6 was canceled by Amendment dated June 17, 2010. 

7 (withdrawn). The method, according to claim 1, wherein said method utilizes an 
antistatic material comprising an agent selected from the group consisting of: saccharine; 
quartemary ammonium salts; homo- and co-polymers of cpihalohydrin; N .N i s(hydro.x y ethyl ) 
alkylaminc; chain extended polyoxiranes; aromatic sulfanomides; styrene polymers; the 
copolymerization product of ethylene oxide with a heterocyclic monomer or vinyl type 
monomer; low molecular weight polyether oligomers; carbon particles; trineoalkoxy amino 
zirconate; trineoalkoxy sulfonyl zirconate; and compounds of the general formula 

^CH 2 CH 2 0(C2H40) y (C 3 H 6 0) x ZR' 

R CH 2 N 

CH 2 CH20(C 2 H 4 0) y (C3H 6 0) x ZR' 



wherein R is a Q.g alkyl group or hydrogen, Z is a difunctional chain modifier group, R' is a Cm 
alkyl group or hydrogen and x and y are between about 10 and about 50. 

8 (withdrawn). The method, according to claim 7, wherein R is a C1.5 alkyl group or 
hydrogen, Z is a difunctional chain modifier group, R" is a Cm alkyl group or hydrogen and x 
and y are each between about 20 and about 40. 

9 (withdrawn). The method, according to claim 1, wherein said antistatic agent 
comprises ethylene oxide and at least one heterocyclic co-monomer. 
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10. The method, according to claim 1, wherein said antistatic agent comprises at least 
one polar organic compound having at least 5 carbon atoms and a compound having at least 3 
hetcroatoms. 

11. The method, according to claim 10, wherein the antistatic agent comprises one or 
more of the group consisting of polyethers, crown ethers, polyols, polyimines, polyamines, 
polymers derived from pyridine, macrocyclic aza compounds, polysul fides and polyphosphines. 
and salts of protic acids that are solvated or complcxcd in a polar organic compound. 

Claim 12 was canceled by Amendment dated May 26, 2009. 

13. The method, according to claim I, wherein the static level measured at about one half 
inch below the outlet of the slot attenuation device is between about -1 kilovolt per inch and 
about 1 kilovolt per inch. 

14. The method, according to claim 1, wherein at least about 5% of the surface area of 
each filament is made of a nylon polymer. 

15. The method, according to claim 1, wherein at least about 5% of the total surface area 
of all filaments is made of a nylon polymer. 

16. The method, according to claim 1, wherein said antistatic agent comprises 
polycaprolactum, a sulfonic acid, a Cio-Cix alkane, and sodium salts. 

17. A method of producing a spunbonded nonwoven fabric comprising the steps of: 
forming one or more melt blends of polymer and, additionally, one or more antistatic 

agents either in a master batch or a base resin present in an amount sufficient such that the static 
level measured at about one half inch below the outlet of a slot attenuation device is between -2 
kilovolt per inch and2 kilovolt per inch, 
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extruding said blend or blends through separate extruders into the form of a plurality of 
multicomponent filaments with the blend or blends of polymer and one or more antistatic agents 
forming a portion of the surface of the fi laments, 

directing the filaments through the slot attenuation device. 

drawing the filaments to orient them, 

depositing the filaments onto a collection surface to form a web, and 
bonding the filaments of the web; 

wherein the filaments of the web are bonded at a temperature of between 1 80 °C and 
about 250 °C; 

wherein the static level measured at about one half inch below the outlet of the slot 
attenuation device is between-2 kilovolt per inch and 2 kilovolt per inch; 

wherein, without addition of the at least one antistatic agent, a static level measured at 
about one half inch below the outlet of the slot attenuation device is greater than 2 kilovolt per 
inch or less than -2 kilovolt per inch; and 

wherein the at least one antistatic agent does not cause a defect in the spunbonded 
nonwoven fabric. 

18. The method according to claim 17, wherein the filaments comprise nylon, polyester, 
acrylic, polybutylene terephthalate polyethylene, polypropylene, ethylene vinyl alcohol, 
polyvinyl alcohol, vinyl acetate, poly(trimethylene terephthalate), or polylactic acid polymers; or 
a combination of these polymers. 

19. The method, according to claim 17, wherein the filaments comprise nylon 6; nylon 
6,6; nylon 6.10; nylon 6,12; nylon 1 1; nylon 12; or nylon copolymers; or a combination of these 
nylon polymers. 

20. The method, according to claim 17, wherein, without addition of the at least one 
antistatic agent, a static level measured at about one half inch below the outlet of the slot 
attenuation device is greater than 4 kilovolt per inch or less than -4 kilovolt per inch. 

Claim 21 was canceled by Amendment dated June 17, 2010. 
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22 (withdrawn). The method, according to claim 17, wherein said method utilizes an 
antistatic material comprising an agent selected from the group consisting of: saccharine; 
quarternary ammonium salts; homo- and co-polymers of epihalohydrin; N,N,-B is(hy d roxyct h y 1 ) 
alkylamine; chain extended polyoxiranes; aromatic sulfanomides; styrene polymers; the 
copolymerization product of ethylene oxide with a heterocyclic monomer or vinyl type 
monomer; low molecular weight polyether oligomers; carbon particles; trineoalkoxy amino 
zirconate; trineoalkoxy sulfonyl zirconate; and compounds of the general formula 

^CH 2 CH20(C2H 4 0) y (C 3 H 6 0) x ZR' 

R — -CH 2 

CH 2 CH 2 0(C2H40) y (C 3 H 6 0) x ZR' 



wherein R is a C1.9 alkyl group or hydrogen, Z is a difunctional chain modifier group, R' is a Cm 
alkyl group or hydrogen and x and y are between about 10 and about 50. 

23 (withdrawn). The method, according to claim 22, wherein R is a C i_ 5 alkyl group or 
hydrogen, Z is a difunctional chain modifier group, R' is a Cm alkyl group or hydrogen and x 
and y are each between about 20 and about 40. 

Claim 24 was canceled by Amendment dated May 26, 2009. 

25. The method, according to claim 17, wherein the static level measured at about one 
half inch below the outlet of the slot attenuation device is between about -1 kilovolt per inch and 
about 1 kilovolt per inch. 
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26. The method, according to claim 17, wherein at least about 5% of the surface area of 
each filament is made of a nylon polymer. 

27 (withdrawn). The method, according to claim 22, wherein at least about 5% of the 
total surface area of all filaments is made of a nylon polymer. 

28. The method, according to claim 17, wherein said antistatic agent comprises 
polycaprolactum, a sulfonic acid, a Cio-Cir alkanc, and sodium salts. 

Claims 29-32 were canceled by Amendment dated June 17, 2010. 

Claim 33 was canceled by Amendment dated September 22, 2006. 

Claim 34 was canceled by Amendment dated November 6, 2009. 

35. A method of producing a spunbonded nonwoven fabric comprising the steps of: 
forming, in an extruder, a melt blend of at least one polymer 
extruding said blend in the form of a plurality of filaments, 

directing the filaments through the slot attenuation device and drawing the filaments to 
orient them, 

depositing the filaments onto a collection surface to form a web, and 
bonding the filaments of the web; 

wherein the filaments of the web are bonded at a temperature of between 1 80°C and 
about 250°C; 

wherein the method further comprises adding to the melt blend, before extruding said 
blend, at least one antistatic agent in an amount sufficient to reduce the static level measured at 
about one half inch below the outlet of the slot attenuation device from greater than 2 kilovolt 
per inch or less than -2 kilovolt per inch to between-2 kilovolt per inch and 2 kilovolt per inch; 
and 

wherein the at least one antistatic agent does not cause a defect in the spunbonded 
nonwoven fabric. 
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36. The method according to claim 35, wherein the at least one antistatic agent is added 
in an amount sufficient to reduce the static level measured at about one half inch below the outlet 
of the slot attenuation device from greater than 4 kilo volt per inch or less than -4 kilovolt per 
inch to between -2 kilovolt per inch and 2 kilovolt per inch. 

37. A method of reducing the static level of a spunbond process having a static level 
measured at the outlet of a slot attenuation device of greater than 2 kilovolt per inch or less than - 
2 kilovolt per inch, wherein the method comprises: 

adding at least one antistatic agent to a melt blend of the spunbond process, before 
extruding the melt blend, in an amount sufficient such that the static level measured at about one 
half inch below the outlet of the slot attenuation device is between -2 kilovolt per inch and 2 
kilovolt per inch; 

wherein the at least one antistatic agent does not cause a defect in a spunbonded 
nonwoven fabric produced by the spunbond process. 

38. The method according to claim 37, wherein the method comprises adding the at least 
one antistatic agent to the melt blend of the spunbond process in an amount sufficient such that 
the static level measured at about one half inch below the outlet of the slot attenuation device is 
between -1 kilovolt per inch and 1 kilovolt per inch. 

39. The method according to claim 37, wherein the static level of the spunbond process 
being reduced, measured at the outlet of a slot attenuation device, is greater than 4 kilovolt per 
inch or less than -4 kilovolt per inch. 

40. The method according to claim 39, wherein the method comprises adding the at least 
one antistatic agent to the melt blend of the spunbond process in an amount sufficient such that 
the static level measured at about one half inch below the outlet of the slot attenuation device is 
between -1 kilovolt per inch and 1 kilovolt per inch. 
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IX. EVIDENCE APPENDIX 

The following pieces of evidence have been submitted during the course of prosecution of the 
subject application and are provided in this appendix. Each has been fully considered by the 
examiner. 

1) Declaration Under 37 C.F.R. §1.132 of Albert E. Ortega, executed October 11, 2007. 
This Declaration was submitted with the Amendment of October 12, 2007. It was fully 
considered and entered into the record by the examiner, as indicated at page 12 of the 
Office Action of July 24, 2008. 

2) U.S. Patent No. 2,845,962, submitted with the Amendment of April 24, 2008. It was 
fully considered by the examiner, as indicated at page 16 of the Office Action of 
February 26, 2009. 

3) U.S. Patent No. 5,277,855, submitted with the Amendment of April 24, 2008. It was 
fully considered by the examiner, as indicated at page 16 of the Office Action of 
February 26, 2009. 

4) Declaration Under 37 C.F.R. §1.132 of Albert E. Ortega, executed November 6, 2009. 
This Declaration was submitted with the Amendment of November 6, 2009. It was fully 
considered and entered into the record by the examiner, as indicated at page 1 8 of the 
Office Action of March 17, 2010. 

5) Declaration Under 37 C.F.R. §1.132 of Dr. Billie Collier, executed November 5, 2009. 
This Declaration w as submitted with the Amendment of November 6, 2009. It was fully 
considered and entered into the record by the examiner, as indicated at page 17 of the 
Office Action of March 17. 2010. 

6) BASF methacrylic acid reference sheet, submitted with the Amendment of May 26. 2009. 
It was fully considered by the examiner, as indicated at page 17 of the Office Action of 
August 6, 2009. 

7) Declaration Under 37 C.F.R. §1.132 of Albert E. Ortega, executed December 2, 2010. 
This Declaration was submitted with the Amendment of December 6, 2010. It was fully 
considered and entered into the record by the examiner, as indicated at page 17 of the 
Office Action of March 31,2011. 
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8) Federova et al. article (Strength Optimization of Thermally Bonded Spunbond 
Nonwovens, 2007), submitted with the Amendment of December 6. 2010. It was fully 
considered by the examiner, as indicated at page 25 of the Office Action of March 3 1 , 
2011. 

9) U.S. Patent Application Publication No. 2003/0181112. submitted with the Amendment 
of December 6, 201 0. It was fully considered by the examiner, as indicated at page 25 of 
the Office Action of March 3 1 , 20 1 1 . 
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FYPF.RT DECLARATION OF AEBERT E. ORTEGA UNDER 37 CFR §1.132 



I, Albert E. Ortega, hereby declare: 

THAT, I have reviewed the above-referenced patent application, including the claims; 
THAT, I have reviewed the Office Action mailed December 12, 2006, along with 
references cited therein; 

THAT, I have extensive experience in the field of spunbond processes; 
And being thus duly qualified, do further declare as follows: 
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Sir: 
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1 . Using bicomponent fibers containing metal or carbon in a spunbond causes color pollution, i s 
very expensive, and inserts a yarn or filaments with different orientation or physical properties than 
that of the filaments created by the spunbonded equipment. Color pollution is a serious problem 
because the color of the product in spunbonded processes is very important. Additionally, using 
bicomponent fibers containing metal or carbon introduces particulate matter into the melt stream. 
The addition of particulate matter in the melt stream shortens polymer filter life and pack life. Slot 
draw lines have very large packs. Changing and cleaning them is very expensive so using solid 
particulate matter like metals or carbon is not desirable. 

2. Regarding which nylonto use in the process disclosed in the Gillespie reference, nylon 6,6 is 
preferred over nylon 6 from a compatibility point of view and is the more likely initial choice. 
Additionally, fabric properties, including tenacity, are determined by several factors, such as polymer 
type, the spunbond process settings, the polymer additives, and the fabric construction parameters. 
Fabric construction, in many instances, can impact strength more so than fiber properties. 

3 . Spunbonding of polyester, nylon 6, and nylon 6,6 must be accomplished above the melt point 
of the polymers. All three have melt points above 200 °C, and nylon spinning processes sometimes 
reach temperatures above 300 °C. Further, it is important that the polymer that has the antistatic 
agent must be present at the surface of the filament to achieve the desired reduction in static buildup. 

4. The problem of high static levels at an attenuator exit in spunbond processes has been known 
for years. Before the invention in the referenced patent application, Cerex Advanced Fabrics 
presented two leading equipment suppliers of spunbonding equipment with the challenge to reduce 
or eliminate static buildup in a spunbond process. Both suppliers had pilot facilities and had done 
extensive research regarding spunbond processes utilizing polyester, polyethylene, and 
polypropylene fibers. Despite being skilled in the art, neither supplier arrived at the method claimed 
in the referenced patent application. 
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I hereby further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made axe 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




United States Patent Office 



2 ? S45 5 902 
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This invention relates to the production of fabrics hav- 
ing antistatic electrical properties. 

Trie ccndiu n h sd itle in an ai ti 1 id itric 
depends on the application for which the fabric is in- 
tended. An antistatic fabric which is to be used in circum- 
stances in whi h th 1 tng from the generation of 
static electrical charges are not very serious may quite 
satisfactorily have a relatively high resistance, that is to 
say, a resistance up to about 100,000 megohms per unit 
square. A lower resistance of the order of magnitude of 
10 to 100 megohms per unit square is desirable in a fabric 
which is intended for use in the presence of inflammable 
vapours, e, g. in operating theatres, where it is a matter 
of vital importance that no static electrical charges should 
be generated. Megohms per unit square is the resistance 
in megohms to the passage of electricity on or parallel 
to a surface between two electrodes placed to form op- 
posite sides of a square and is independent of the dimen- 
sions of the square. Otherwise stated, if the length of 
two parallel electrodes is always equal to the distance be- 
tween them it is immateral what the length of these elec- 
trodes is as the I tl ises dueetly proportional 
to the distance between the electrodes and inversely pro- 
portional to the length of the electrodes, that is, to the 
width of the electrical path. 

For this reason only cotton and viscose rayon are gen- 
erally considered suitable for use in operating theatres, 
but even these materials are likely to be unsuitable in dry 
weather or conditions of low relative humidity. Experi- 
ence has shown that the relative humidity of air should 
not be lower than 65% for safe use of cotton and viscose 
rayon fabrics, it is of course not always possible to keep 
the relative humidity of the atmosphere above 65%, and 
accordingly there is a need for a fabric in which there can 
be virtually no generation of static charges by movement 
at any atmospheric humidity. H is am on a the objects of 
the present invention to provide such a fabric. 

According to the invention, an antistatic fabric is made 
up of fibrous material containing electrically conductive 
carbon bl.nA and i i n rial free from such blad 
in such proportions that the electrical resistance of the 
fabric as a whole is less than 100,000 megohms per unit 
square at all humidities. 

Carbon black is a product resulting from the incom- 
Ict orobnsti i i i tylen 

or natural g 1 ' cd by actual coi * re 

of a flame upon a metallic surface. Normally carbon 
black is a non-conductor of electricity but is made con- 
ductive by treatment for that purpose and is known in the 
trade as electrically conductive carbon black. 

Normal fibrous material free from carbon black, such 
as viscose rayon or cotton, has a high electrical resistance 
at low relative humidity and a lower resistance at high 
relative humidity. It has been found that, whereas 
fibrous material containing a relatively small proportion 
of carbon black has the same characteristic, fibrous ma- 
terial containing more than a certain critical proportion 



of carbon black has a resistance which varies to a very 
much smaller extent with humidity and which in any case 
does not rise as its humidity falls. In the case of acetylene 
black this critical proportion is usually around 25%, but 

i it varies somewhat with the particular fibres used. 

The fabrics of the present invention, i. c. fabrics hav- 
ing a resistance less than 100,000 megohms per unit 
square at all humidities, may be satisfactorily produced 
using a fibrous material containing a proportion of car- 

0 bon black that is not less than the critical proportion re- 
ferred to above. Even if only a small proportion of the 
black-containing fibrous material is used, it is this ma- 
terial . rather than the fibrous material free from black 
which makes the more important contribution to the con- 

5 ductivity of the fabric as a whole, and it is therefore pos- 
sible to make the resistance of the present fabrics more 
or less independent of humidity by using a suitable propor- 
tion of the black-containing fibrous material. In gen- 
eral the use of about 10% of the black-containing fibrous 

0 material referred to gives the fabric a resistance which is 
substantially independent of humidity, that is. to say, a 
resistance which does not, at any humidity, depart from 
its means value by any factor greater than about ten. 
Such a substantially constant resistance may be contrasted 

5 with the resistances of fabrics free from black, which at 
certain humidities may depart from their mean values by 
factors as great as ten thousand. 

In general the proportion of black-containing fibrous 
material used in the present fabrics is not substantially 

0 less than 2%. Preferably the proportion used is from 5 
to 20%. If the fabric has substantially less than 2% of 
the black-containing fibrous material, its resistance will 
be undesirably high; while if it has substantially more than 
20% the resistance will (at some humidities at least) be 

5 undesirably low, and a fire risk and also an electric-shock 
risk may be introduced if the fabric is to be used in 
proximity to apparatus connected with the electric means 
for instance. With higher proportions of black-containing 
material, moreover, the mechanical strength of the fabric 

0 is impaired appreciably, a fibre containing carbon black 
. being much weaker than a similar fibre free from black. 
The proportion of black-containing fibrous material 
and the proportion of black in this material do not by 
themselves exclusively determine the resistance-humiditv 

5 characteristics of the fabrics. Other factors which affect 
these characteristics arc the denier of the fibres, their 
lengths (if they are used in staple form), and the nature 
of the weave. 

The fabric may be woven from a mixed yarn spun 
u from the two fibrous materials together, or it may be 
woven from two types of yarn, one of the two types being 
spun from the fibrous material free from black and the 
other being spun from the fibrous material containing 
_ electrically conductive carbon black. In the latter case 
"> the fabric may be so woven as to have a fine black-and- 
white chequered pattern, which by virtue of its distinctive 
appearance facilitates identification of the fabric. 

It is not essentia], where one yarn containing black 
and another yarn free from black are used, that the fabric 
0 should have both black-containing warp threads and 
black-containing weft threads. Even if the black-contain- 
ing threads do not cross each other, the antistatic prop- 
erties of the fabric may be entirely satisfactory, provided 
f 'acl I j re reasonably close together. 

A number of suitable types of conductive carbon black 
are available ii 1 ,mch is gener- 

ally known as Shawinigan black; reinforcing furnace 
black, for example those commercially available under 
„ the names Philblack 0, Vulcan 3, and Vulcan XXX; chan- 
nel black for example Spheron C; and channel black that 
has been submitted to heat treatment, e. g. at 1000° C. 



The black which is preferred for the present purpose is 
Shawinigan black. 

The fibrous material that contains the carbon black 
may be a regenerated cellulose, such as a viscose rayon 
obtained by extruding a solution of cellulose xanthate 
in aqueous sodium hydroxide containing dispersed carbon 
black into a coagulating bath of a suitable aqueous 
mineral acid, e. g. sulphuric acid. 

Instead of a regenerated cellulose containing carbon 
black, there may be used such other fibrous materials as 
nylon or polyester fibres spun from a nylor 
melt in which carbon black has been incorporated. 

The fibrous material free from black may be a celln- 
losic fibrous material such as cotton or viscose rayon. 
Other materials which may be used include nylon and -j 
polyester fibrous materials. A mixture of fibrous ma- 
terials free from black may be used. 

As an example of a particularly suitable fabric having 
the desired antistatic properties reference is made to a 
fabric containing 10% by weight of threads of viscose Cj 
rayon containing 30% of Shawinigan black together with 
90% of viscose rayon threads free from carbon black 
and having a resistance not less than 0.5 megohm per unit 
square not greater than 5 megohms per unit square at 
any humidity. This fabric may be contrasted with a s 
similar fabric free from black, whose resistance varies 
with humidity between 0.5 and 10 6 megohms per unit 
square. 

The fabrics of the present invention are valuable not 
only for use in goods intended to be employed in oper- j 
ating theatres and the like; examples of other applica- 
tions are their use in the manufacture of transmission 
belting and conveyor belting, and, after proofing, in the 
production of garments of various kinds. 

Having now described my invention, what I claim is: 2 
' 1, An antistatic fabric made up of fibrous material 
having electrically conductive carbon black dispersed 
throughout the fibre and fibrous material free from such 
black in such proportions that the electrical resistance of 
the fabric as a whole is less than 100,000 megohms per 4 
unit square at all humidities. 

2. A fabric according to claim 1, in which the fibrous 
material having electrically conductive carbon black dis- 
persed throughout the fibre is fibrous regenerated cellulose. 

3. A fabric according to claim 1, in which the fibrous 4 
material free from black is a cellulosic fibrous material. 

4. A fabric according to claim 1 in which the weight 
of the fibrous material having electrically conductive 
carbon black dispersed throughout the fibre is at least 
2% of the total weight of the fabric. . ■ g 

5. A fabric according to claim 4, in which the weight 
of the fibrous material containing electrically conductive 
carbon black is from 5% to 20% of the total weight of 
the fabric. ; 

6. A fabric according to claim 1, In which the two 5 
fibrous materials are present in such proportions that 
the electrical resistance of the fabric as a whole is 
substantially independent of its humidity. 

7. A fabric according to claim 1, in which the fibrous 
material containing electrically conductive carbon Mack 6 , 



contains such a proportion of the black that its resistance 
does not rise as its humidity falls. 

8. A fabric according to claim 1, in which the elec- 
trically conductive carbon black present is acetylene black. 

9. A fabric according to claim 1, in which the weight 
of the electrically conductive carbon black is 25% or 
more of the total weight of the fibrous materia! in which 

10. A fabric according to claim 1, which is woven 
from a mixed yarn spun from the two fibrous materials 
together. 

11. A fabric according to claim 1, which is woven 
from two types of yarn, one of the two types being spun 
from the fibrous material free from black and the other 

; being spun from the fibrous material containing elec- 
trically conductive carbon black. 

12. A fabric according to claim 1 1, which is so woven 
as to have a fine black-and-white chequered pattern. 

13. An antistatic fabric which contains about 90% 
, by weight of viscose rayon free from carbon black and 

correspondingly about 10% by weight of viscose rayon 
containing about 30% by weight of electrically con- 
ductive acetylene black. 

14. An antistatic fabric made of fibrous yarns, said 
. yarns made up of from 2% to 20% of fibres having 

electrically conductive carbon black dispersed through- 
out the fibres, the balance of the fibres of the yam being 
substantially without electrically conductive carbon black. 

15. An antistatic fabric made of fibrous yarns, from 
2% to 20% of said yarns having electrically conductive 
carbon black dispersed throughout the fibres, the balance 
of the yarns being substantially without electrically 
conductive carbon black. 

16. An antistatic fabric made of woven yarns, the 
yarns woven in one dt ec li w. c >nta rung from 2% to 
20% of fibres having electrically conductive carbon black 
dispersed throughout the fibres, the balance of the fibres 
of said fabric being substantially without electrically 
conductive carbon black. 

17. An antistatic fabric having an electric surface 
resistance not less than 0.5 megohm per unit square nor 
greater than 5 megohms per unit square at any humidity 
which contains about 90% by weight of viscose rayon 
free from carbon black and correspondingly about 10% 
by weight of viscose rayon containing about 30% by 
weight of electrically conductive acetylene black. 

18. An antistatic fabric having an electrical resistance 
less than 100,000 megohms per unit square at any 
atmospheric humidity comprising from 5 to 20 percent 
by weight of artificial fibrous material containing not 
less than 25 percent by weight of electrically conductive 
carbon black dispersed throughout the fibers, said fibers 
being woven with , a .fibrous material free from carton 
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speed of the nonconductive filaments are established so 

PROCESS FOR FORMING A YARN HAVING AT that the conductive filaments will not break when they 

LEAST ONE ELECTRICALLY CONDUCTIVE are drawn at the same ratio as is required for the non- 

FI LAMENT BY SIMULTANEOUSLY COSPINNING conductive filaments. 

CONDUCTIVE AND NON-CONDUCTIVE 5 A need, therefore, exists for an improved antistatic 

FILAMENTS yarn production process which overcomes these and 
other deficiencies which are inherent in the prior art 

BACKGROUND OF THE INVENTION processes. 

Tto^JgS^ directed to a process for » SUMMARY OF THE MENTION 
forming a yarn useful in forming antistatic carpet. More The present invention provides a process for forming 
specifically, the present invention is directed to a pro- a yarn having at least one electrically conductive fila- 
cess for forming a yarn which includes a plurality of ment wherein the conductive filament(s) of the yarn are 
nonconductive filaments and at least one conductive simultaneously co-spun with the nonconductive fila- 
filament. Most specifically, the present invention is 15 ments of the yarn. More specifically, the process in- 
directed to a process for forming a yarn wherein the eludes the following steps: 

conductive filament or filaments are simultaneously (a) passing a plurality of molten streams downward 

co-spun with the nonconductive filaments. jnto a quenching zone, said streams including at 

2. Description of the Prior Art least one first stream comprising an electrically 

It is well known that static electricity may be gener- 20 conductive material dispersed in a polymeric ma- 

ated when a person walks across a conventional carpet trix and at least one second stream consisting essen- 

formed from synthetic fibrous materials such as nylon, tial]y of a nonconductive, fiber-forming polymer; 

acrylics, polyester, and the like. The discharge of the (b) so ii d jf y j ng said molten strearas t0 form a plurality 

static electricity when a person is grounded subsequent of rihlllHlts including at least one conductive fila- 

to walking across such a carpet can be annoying if not 25 meM and a( , eas{ one nonconductive fflanMail . md 

discomforting. (c) converging nonconductive filaments) and 

One solution to this problem has been to incorporate ^ conductive fi)ament(s) t0 form a yarn . 
electrically conductive fibers (hereinafter referred to 

simply as conductive fiber) into yarns which are subse- BRIEF DESCRIPTION OF THE DRAWINGS 

quently incorporated into carpets to dissipate static 30 ^ ^ 

e ectnc charges. These conductive fibers typically in- ^ . performing the process of the present 

elude a non-conductive fiber-forming polymer as their ' . F 8 i«u«» ^ piracm 



major component and a conductive material, usually a ms**',^- ^ i • 

A-.m„„; nr , „ „ nr .A.,„,w,„ „,^,v„i,»» rr,o.„^,i ;„ , J„ FIG. 2 (a) is a cross-sectional view of a representative 
menc earner C ° ndUCtlVe P artlcuIate matenal m a P olv - 35 first stream of a first preferred embodiment of the pres- 

The prior art has provided a number of methods for ent invention with cross-section taken transversely 

incorporating such a conductive fiber into a yam to across the longitudinal axis of the stream; 

impart antistatic properties. For example, U.S. Pat. No. F FIG - 2 <» » » cross-sectional view of a representative 

4,612,150, to De Howitt, discloses a process for combin- first stream of a second preferred embodiment of the 

ing antistatic filaments and nylon filaments wherein 40 P^sent invention with the cross-section taken trans- 

separately spun conductive bicomponent filaments are versely across the longitudinal axis of the stream; 

pneumatically introduced into a freshly spun noncon- FIG. 3 is a cross-sectional view, taken along line 3—3 

ductive threadline within the quench chimney. U.S. of FIG. 1, of a portion of a first preferred embodiment 

Pat. No. 4,900,495 to Lin discloses a similar antistatic of the spinning equipment of the present invention; and 

yarn production process wherein a previously formed 45 FIG. cross-sectional view, taken along line 3—3 

conductive filament is combined with freshly spun, of FIG. 1, of a portion of a second preferred embodi- 

nonconductive filaments. ment of tne spinning equipment of the present inven- 

Although these processes are useful in producing tIo n - 

acceptable products, they have a number of serious DETAILED DESCRIPTION OF THE 

drawbacks. First, this procedure is quite expensive, as 50 PREFERRED EMBODIMENTS 
the separate formulation of the conductive fiber and its 

subsequent addition in the threadline can add a signifi- As referenced above and shown in FIG. 1, the first 
cant amount to the end product cost. Also, as the addi- step in the process of the present invention includes 
tion of the previously formed conductive filament is at passing a plurality of molten streams 10 into a quench- 
the periphery of the nonconductive threadline, inter- 55 ing zone 20. The molten streams 10 include at least one 
mingling of the conductive filament with the noncon- first stream, representatively shown as 25, and at least 
ductive filaments is limited. This limited intermingling one second stream, representatively shown as 30. First 
can have a negative effect on the subsequent processing stream 25 includes an electrically conductive material 
of the resulting yarn and can result in severe color pol- dispersed in a polymeric matrix. As shown in FIGS, 
lution (due to visibility of conductive filament). Fur- 60 2(a) and 2(b) first stream 25 preferably includes a first 
ther, since the conductive filaments and nonconductive component 35 of a polymeric, fiber forming material 
filaments were separately formed and have different coextensive with a second component 40 which in- 
thermal histories, their individual properties, such as eludes an electrically conductive materia! dispersed in a 
shrinkage and crystalline structure are different. These polymeric matrix. First component 35 and second corn- 
differences can cause breakage of one or more of the 65 ponent 40 may be arranged in a "sheath/core" arrange- 
conductive filaments during processing. More specifi- ment as shown in FIG. 2 (a) and disclosed U.S. Pat. No. 
cally, it is noted in the description of the '150 patent 3,803,453 to Hull, the disclosure of which is incorpo- 
found in the '495 patent that the spinning and winding rated herein by reference, or in a "side-by-side" ar- 
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rangement as shown in FIG. 2 (b) and disclosed in U.S. ment 65 is conductive, while each second filament 70 
Pat. No. 3,969,559 to Boe, the disclosure of which is formed from a nonconductive second stream 30 are 
incorporated herein by reference. The polymeric matrix correspondingly nonconductive. Filaments 65 are of 
of the second component 40 is most preferably formed sheath-core structure when first stream 25 is as shown 
from nylon-6 but may also be formed from other poly- 5 in FIG. 2(a) and are of side-by-side structure when first 
meric materials including nylon 66, polyester, propy- stream 25 is as shown in FIG. 2(6). Filaments 60 may be 
propylene and the like, while the conductive material is of any cross-sectional shape, including round, trilobal, 
most preferably particulate carbon black but may be pentalobal and the like; however, round is preferred, 
other conductive materials including TiO a coated with The shape of spinneret capillaries 47 and 48 should be 
a conductive material. The amount of conductive mate- 10 se ]ected to provide the desired filament cross-sections, 
nal in the conductive filament is preferably from 10 to and may be the ^ or different within each spinneret. 
50% by weight of the second component based on the For example, capillaries 47 may be triloba] while cos- 
total weight of the second component. The first compo- pinmng ca piii aries 48 may be round, 
nent 35 is most preferably nylon 6 6 but may be formed Preferably, filaments 60 are withdrawn by conven- 
from other materials including nylon 6, polyester, poly- 15 tiona} means such as a det after solidifying p referab j y 
propylene, and the like. so that first filaments 65 and second filaments 70 are 

JH h r v?r * , ^Txt m0hen , withdrawn at the same take-up velocity or spinning 

streams 10 is shown in FIGS. 1, 3 and 4. The equipment „,t,:„v u a^c^^a „, ,u. /..a .£ r . a . 

includes a spinneret 45 having a plurality of dpUlaries ^ II „ c J ? 1 % ,t 
47 from which molten streams 10 flow to quenching 20 ™ f P ,nnl "S s peed may be above 6000 mpm with the 

zone 20. At least one first component material passage 5 ^JSE^E k ^ h ^ ? ^ 

way 49 is separate from second component material d " Ced (, e - * eds,0C * f ° T ™^Z draWUlg ; ° n " 

passageways 51 except at least at one counterbore 53 of en e carpet yarn ' ^ Whlle ,he P rocess of the P res ; 

one cospinning capillary 48 where at least one first ent lnventlon " «f ful in processes having a variety of 
stream 25 is formed. Although one such counterbore is 25 sp,nn,ng s P eeds " ,,s ^vantages are most pronounced tn 

shown as being representative, it is to be understood P rocesses hav >"8 spmmng speeds of above 1500 meters 

that one such capillary 48 will be used for each first P er ™*' P""™^ ab ° v e 2500 mpm. Most prefera- 

stream desired; preferably, 1 to 5 first streams are to be "y, both first and second figments, after withdrawing, 

produced. have a aenler of about 6 to about 60. 

At this capillary, a stream of first component passage- 30 Subsequent to filament formation, the filaments are 

way 49 merges with a stream of second component in converged to form a yarn by conventional means, such 

passageway 51 with the first component passageways a cerai ™c convergence guide, with the yarn compris- 

49 intersecting with the second component passageway ln S at least 40 laments about 1 to about 5 of which are 

51. first filaments. The denier of the yarn is preferably be- 

In a first preferred embodiment, these passageways 35 weea 300 and 4000. 

intersect as shown in FIG. 3 to form a "sheath/core" ^ following example, while given to illustrate the 

arrangement between the first component 40 and the process of the present invention, is not intended to limit 

second component 35 of the first stream 25. Specifi- its . sc ?pe. All percentages are by weight unless other- 

cally, the second component material passageway 51 wise indicated, 

terminates at counterbore 53 at a location along the 40 pyampt f l 

central longitudinal axis of the capillary 48 while the 1 

first component material passageway 49 extends cir- Conductive polymer chips were produced by com- 

cumferentially around the second component material bining 33% carbon black and 67% molten nylon-6 in a 

passageway 51 at counterbore 53. The resulting flow conventional compounding machine and extruding, 

pattern in capillary 48 is a centrally located "core" of 45 quenching and cutting the mixture by conventional 

second component 40 surrounded by coextensive, cir- means. Nonconductive nylon-6,6 chips were separately 

cumferentiai "sheath" of first component 35. but similarly produced by extruding, quenching and 

In a second preferred embodiment, the passageways cutting the material by conventional means, 
intersect as shown in FIG. 4 to form a "side-by-side" A single screw plasticating extruder was used to melt 
arrangement between the first component 35 and the 50 the conductive polymer chips and pump the molten 
second component 40 of the first stream. Specifically, conductive polymers to a standard polymer gear pump 
the second component material passageway 51 tcrmi- which delivered the polymer to a spinneret used to 
nates at counterbore 53 immediately adjacent the first extrude 60 trilobal carpet yarn filaments. The noncon- 
componenf material passageway 49. The resulting flow ductive nylon 6,6 pellets were melted in another ex- 
pattern in cospinning capillary' 48 consists of adjacent, 55 truder and the molten nonconductive polymer was 
coextensive streams of first component 35 and second delivered to a gear-type pump which delivered the 
component 40. nonconductive polymer to the spinneret. 

Although "sheath/core" and "side-by-side" arrange- Passageways were provided in the spinning equip- 
ments for the first stream 25 are preferred, other ar- ment to keep the conductive polymer separate from the 
rangements for first stream 25 are within the scope of 60 nonconductive polymer except for the counterbore at 
the present invention. one of the 60 spinneret capillaries. At this counterbore, 

Molten streams 10 pass through quench zone 20 where a stream of conductive polymer merged with a 
where streams are quenched to form filaments 60 by stream of nonconductive polymer, the conductive poly- 
conventional means such as a cross-flow of quenching mer passageway intersected with the nonconductive 
air (not shown). Each first stream 25 will solidify to 65 polymer passageways in a position where, due to two- 
form first filament 65 while each second stream 30 will phase laminar fluid flow in the counterbore and capil- 
solidify to form second filaments 70. As each first lary, the conductive polymer was extruded as a continu- 
stream 25 includes conductive material, each first fila- ous strip at the tip of one lobe of a trilobal fiber. 
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A yarn was formed from these filaments in accor- carpets having poor resistance to static charge build-up 

dance with the process disclosed in U.S. Pat. No. and yields low voltages for carpets having good resis- 

4,975,325 to McKinney et al, which is incorporated tance to static charge build-up. Carpets that exhibit 

herein by reference, except that the yarn was passed readings of less than 4 kilo- volts i test are considered to 

through a jet-texturing device prior to winding. Yarn J have acceptable resistance to static electric charge 

take-up velocity was 4000 meters per minute (mpm) and bni!d-up. 

denier was about 1250. Data in Table 1 below indicate that the control carpet 

The resu tmg yarn consisted of 59 laments of 100% of Example 2 exhibited unacceptable rcsistance t0 stJ £ c 

nonconductive nylon 6,6 and one conductive bicompo- ch buiId . u (>4 ^ 0 . volts) . how ever carpet made 

f K am o n L LndUd!rlg , abOUt 5% 5 C °" d fr= 10 from the yam produced by the process oHnTpr^ent 

and about 95% nonconductive nyion-6,6. The conduc- t „'+ ; l £ 'JZ^. n.,^l*~ t m • . 

tive polymer was a dispersion of 33% carbon black in "71, ^ } acceptable resistance 

67% nylon 6 (< 4 kilo-volts). This demonstrates that while the uiven- 

Visual examination of Example 1 yarn showed that * on .^proves the processing of yarn containing con- 

the conductive filament was entangled with the remain- u ductlv * f >»ament(s), the invention also provides for ac- 

ing filaments in the yarn to the same extent as any of the ceptable resistance to static electric charge for carpets 

other filaments was entangled with the remaining fila- produced from the yarn, 

ments. This is a significant improvement over what is TABLE 1 

observed when solidified conductive yarn (one or more resistance to build-up of static " 

filaments) are withdrawn from yarn packages and sepa- 20 ELECTRIC charge 

rately inserted into the non-conductive filament spinline (KILO-VOLTS] 

as in the prior art. In this prior art process, the conduc- 
tive filaments are (1) generally observed to be entangled 
with the non-conductive filaments of the yarn to a lesser 

degree than non-conductive filaments are entangled 2 5 (co-spinning) 

with each other and (2) generally appear shorter than * none 
the non-conductive filaments. This apparent length 



difference is attributed to differences tn the contraction Although the process of the present invention has 

(or growth) of the fibers after the yarn has passed the ^ described with detaa in thjs spec i flcat i oni i t istobe 

first spuming godet. . iU 30 understood that various modifications and changes may 

One end of each yarn of Example 1 was cabled with be ma(Je ^ &s wj h d > f m 

the other end of the same yarn using a Volkman cabler . . v , - ,, , 

to produce a cabled yarn having about 3.7 ply-twist the s P mt and SC0 P e f * ereof - M ° re Really, the co- 

turn, per inch. The gathering of wads of non-conduc- S P?™« P roce! ? of thc f P resent mvent,on « °P* a f « 

tive filaments at guides, which is observed when cabling 35 w,t ! Mn var ? ou . s ^ °J s P mmn S process performed at 

yarns having conductive filaments that were inserted 35 vanous ****** s P eed f- F ° r sample, the present co- 

via the prior art process in the spinline at high speed spmnmg process may be (a) a part of a conventional 

was not observed when cabling the yarn of Example 1. P rocess for Producing as-spun filament yarns. Typi- 

Carpet samples were then produced using typical such a P rocess operates at spinning speeds of 

carpet construction techniques for making a Saxony „ about 300-700 meters per minute (mpm); (b) as part of a 

cut-pile carpet. The following conditions were used: so-called "spin-draw" BCF production process which 
can operate at spinning speeds of above about 1500 

mpm, wherein the spinning speed is defined as above 

26 oi./sq. yd. the sp j nn j ng speed D f th e f, rst go det, and which is gener- 

Tuf. G e aSge 5/32 £ « ally illustrated in U.S. Pat. No. 4,612,150; or (c) as part 

" of a process such as that described in U.S. Pat. No. 

4,975,325 to McKinney et al which operates at spinning 

EXAMPLE 2 speeds above about 3500 meters per minute, wherein the 

A control yarn was prepared for comparison with the spl ™ ng * eed is defmed 35 the s P eed of the ^V^J* 

yarn formed in Example 1. Specifically, nylon 6,6 pel- 50 ^ above-mentioned as-spun yarns may be further 

lets were produced bv conventional extruding, quench- P rocessed m a conventional manner is subsequent oper- 

ing and cutting means and the pellets were melted in a atlons t0 P rovlde sta ? le varns ° r filament . y arns - Nor " 

single screw plasticating extruder. The melt was deliv- maU y- as-»pun V 2 ™ 5 intended for conversion to staple 

ered by a gear-type pump to a conventional 60-capillary are Produced at a spuming speed of between 300 and 



Pile Face Weighi 
Pile Heighi 



spinneret where the polymer was extruded into fila- 55 



ments. These filaments were formed into yarn and the We claim: 

yarn was cabled by the processes set forth in Example 1. 1 A Process for forming a yarn having at least one 

Carpet samples having the same parameters as the Ex- electrically conductive filament comprising: 

ample 1 samples were then produced using conven- ( a ) passing a plurality of molten streams downwardly 

tional techniques for making a saxony cut-pile carpet. 60 from spinning equipment including a spinneret into 

a quenching zone, said streams including at least 

Testing of Anti-Static Properties C nc first stream comprising an electrically conduc- 

Samples of the carpets from Examples 1 and 2 were tive material dispersed in a polymeric matrix and at 

then tested for resistance to build-up of static electrical least one second stream consisting essentially of a 

charge according to AATCC Test Method 134-1979. 65 nonconductive, fiber-forming polymeric compo- 

This test procedure yields an electrical voltage which is nent; 

an indicator of static propensity of the carpet under the (b) solidifying said molten streams in said quenching 

conditions of the test. This test yields high voltages for zone to form a plurality of filaments including at 



7 5.277, 

least one conductive filament and a remaining plu- 
rality of nonconductive filaments; 

(c) converging nonconductive filaments and said 
conductive fiiament(s) to form a yam; and 5 

(d) withdrawing said nonconductive filaments and 
said conductive filament at the same take-up veloc- 
ity; 

wherein said conductive filament(s) are entangled with 10 
said nonconductive filaments to the same extent as any 
of said nonconductive filaments are entangled with said 
nonconductive filaments. 

2. The process of claim wherein said first stream(s) 
consist essentially of a fiber-forming polymeric first 
component coextensive with a second component of an 
electrically conductive material dispersed in a poly- 20 
meric matrix. 



,855 

8 

3. The process of claim 1 wherein said nonconductive 
filaments, after withdrawing, have a denier of from 
about 6 to about 24. 

4. The process of claim 2 wherein said yarn is com- 
posed of at least 40 filaments. 

5. The process of claim 4 wherein the nonconductive 
filaments are of a nonround cross-section. 

6. The process of claim 5 wherein said conductive 
material is electrically conductive carbon black. 

7. The process of claim 2 wherein from 1 to 5 of the 
filaments of said antistatic yarn are conductive fila- 
ments. 

8. The process of claim 2 wherein said velocity is 
above 1 500 meters per minute. 

9. The process of claim 8 wherein said velocity is 
above 2500 meters per minute. 

10. The process of claim 9 wherein said velocity is 
above 3500 meters per minute. 

11. The process of claim 7 wherein said yam is com- 
posed of at least 40 filaments. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,277,855 
DATED : 1/11/94 

INVENTOR(S) : Lawrence E. Blackmon, et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 6, line 55, delete "pm" and insert — mpm — . 
Column 7, line 16, add — 1 — after the word "claim". 
Column 8, line 11, delete "antistatic". 



Signed and Sealed this 
Second Day of August, 1994 



BRUCE LEHMAN 
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EXPERT DECLA R ATION OF ALBERT E. ORTEGA UNDER 37 CFR 61.132 



1, Albert E. Ortega, hereby declare: 

THAT, I have reviewed the above-referenced patent application, including the claims; 
THAT, I have reviewed the Office Action mailed August 6, 2009, along with the references 
. therein; 

THAT, I have extensive experience in the field of spunbond processes; 
And being thus duly qualified, do further declare as follows: 



^ ^ I , „p , I r I - , 



Sir: 



2 Docket No. CRX.l 06XC1 

Serial No. 10/662,492 

1 . The Action dated August 6, 2009 discusses at page 3 the temperatures at which components 
arc extruded in Gillespie (U.S. Patent No. 5,783,503) and then asserts that bonding must be done at 
these extrusion temperatures because "spunbonding is necessarily done by bonding the filaments 
while they are still molten." In support of this assertion, the Action refers to the Tortora reference 
("Understanding Textiles," Fifth Edition, page 330, first paragraph), which states that: 

"Spunbonded fabrics are manufactured from synthetic filament fibers. Continuous filaments 
are formed by extrusion through spinnerets, and the filaments are blown onto a moving belt 
where they form a web. As the still hot and partially molten filaments touch, they bond." 

However, as would be understood by a skilled artisan, this description in Tortora is incomplete. As 
is known in the art, in a spunbonding process, after the filaments are extruded, they are quenched 
(cooled), drawn, and laid on a web before being bonded. The filaments may be molten when they 
are bonded (for example, in a calendar), but they are not necessari ly at the same temperature at which 
they are extruded. 

2. The Action dated August 6, 2009 states at page 3 that "Gillespie teaches that a blend of nylon 
and polyolefins is able to be extruded at about 250 °C," referring to column 8, lines 45-53 of 
Gillespie. However, Gillespie actually teaches that nylon can be extruded in one extruder, 
polyethylene and polypropylene can be extruded in a second extruder (the two extruders are 
reference numerals 46 and 48 in Figure 4 of Gillespie), and then "the polymers come together in the 
spin pack at the same capillary temperature of about 250 degrees Centigrade." Thus, Gillespie does 
not teach that a blend of nylon and polyolefins is able to be extruded at about 250 °C, but rather that 
such a blend can come together in a spin pack at this temperature. As is known in the art, coming 
together in a spin pack is not the same as being extruded. 
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3 Docket No. CRX.106XC1 

Serial No. 10/662,492 

3. The Action dated August 6, 2009 states at page 2 that "nylon's or polyester's additional 
presence acts as antistatic agents to the polyester or olefins in the blend" due to their standard 
moisture regain. However, this is not a complete picture of the effects of the presence of these 
components in the blend with respect to static levels at the exit of an attenuation device. For 
example, this statement neglects to take into consideration the triboelectric charge, as discussed at 
column 9, lines 53-55 of Gillespie. The development of the triboelectric charge in the filaments 
would result in an increase in the static level at the exit of an attenuation device. Additionally, nylon 
filaments develop a large amount of static when air is used to draw these filaments, as in the process 
of Gillespie. Thus, including nylon or polyester in the blend of Gillespie would not result in a static 
level at the exit of an attenuation device of between about -2 kilovolt per inch and about 2 kilovolt 
per inch. 

4. The Warburton reference (U.S. Patent No. 4,081,383) discloses an aqueous dispersion 
(column 1 , lines 45-47), including a polymeric material, as an anti-soiling treatment for carpets and 
carpet yarns. A skilled artisan would recognize that addition of water into an extruder would cause 
problems since it could cause depolymerization of polymers typically used in melt blends (for 
example, nylon 6,6). 

5 . Since the aqueous dispersion of Warburton is applied directly to carpets and/or carpet yarns, a 
skilled artisan would not have reasonably expected the addition of this dispersion to a melt blend 
(before extrusion, quenching, drawing, web formation, and bonding), to impart any anti-soiling 
properties to a spunbonded nonwoven fabric like it does when applied directly to a carpet or carpet 
yarn. Nor would a skilled artisan have expected any other advantageous properties of Warburton' s 
aqueous dispersion (intended for direct application to carpets and/or carpet yarns) to be imparted to a 
spunbonded nonwoven fabric, when added to a mcj >1 • .ore extrusion, queue r i > ving, 
web formation, and bonding). Any component added to a melt blend will be subjected to high 
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temperatures, so it would not be expected that the same properties would be imparted as in the case 
when Warburton's aqueous dispersion is applied directly to a carpet and/or carpet yam. 

6, A skilled artisan would not have been motivated to use any individual components of the 
aqueous dispersion of Warburton to attempt to impart anti-soiling properties to any fabric; rather the 
entire dispersion would be used, as taught by Warburton. 

7. The George reference (U.S. Patent No. 4,167,464) discloses the preparation of water 
absorbent films and fibers by photopolymerizing various compounds. All of the films and fibers of 
George contain water (column 7, line 45 through column 8, line 10; Tables 1 and 2). A skilled 
artisan would recognize that addition of water into an extruder would cause problems since it could 
cause depolymerization of polymers typically used in melt blends (for example, nylon 6,6). 

8> The highest temperature any of the compounds in George is subjected to is about 50 °C 
(column 7, lines 64-65). A skilled artisan would not have reasonably expected any advantageous 
properties of George's interpolymer (only subjected to low temperatures), including water 
absorbency, to be imparted to a spunbonded nonwoven fabric when added to a melt blend (before 
extrusion, quenching, drawing, web fonnation, and bonding). Any component added to a melt blend 
will be subjected to high temperatures (much higher than 50 °C), so it would not be expected that the 
same properties would be imparted after melting the interpolymer and mixing with several other 
components in a melt blend. 

9. A skilled artisan would not have been motivated to use any individual components of the 
George composition to attempt to impart water absorbency properties to any fabric; rather the entire 
composition would be used, as taught by George. 
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10. I would understand from the original specification of the subject application (serial number 
1 0/662,492) that the method of producing a spunbonded nonwoven fabric can include forming, in an 
extruder, a melt blend of at least one polymer and, additionally at least one antistatic agent present in 
an amount sufficient such that the static level measured at about one half inch below the outlet of the 
slot attenuation device is between about -2 kilovolt per inch and about 2 kilovolt per inch. 

I hereby further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Sir: 

I, Dr. Billie Collier, hereby declare: 

THAT, I am Dean of the College of Human Sciences, and Professor of Textiles and 
Consumer Sciences, at Florida State University; 

THAT, I previously held the position of Director of the Textiles and Nonwovens 
Development Center (TANDEC) at the University of Tennessee from 2002-2005; 

THAT, I am a co-author, along with Phyllis Tortora, of the book "Understanding Textiles," 
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1 . In the fifth edition of "Understanding Textiles," at page 330, the Spunbonding section states: 
"Spunbonded fabrics are manufactured from synthetic filament fibers. Continuous filaments are 
formed by extrusion through spinnerets, and the filaments are blown onto a moving belt where they 
form a web. As the still hot and partially molten filaments touch, they bond." However, this 
description of the spunbonding process is not complete. 

2. In the seventh edition of "Understanding Textiles, published in 2009, the section on 
nonwovens has been revised. The description of the spunbonding process has been expanded upon 
since the fifth edition. In the seventh edition, the description of spunbonding (pp. 349-350) reads: 

"Spunbonded fabrics are manufactured from synthetic filament fibers. The polymer is melted 
in an extruder, and the melt is pumped through a rectangular spinneret with thousands of 
holes, called a die. Upon exiting the die, the fibers enter a chimney where turbulent air cools 
and entangles the filaments, which are then deposited in a random pattern on a moving belt. . . 
To complete the operation, the spun-laid web is passed through heated rolls to bond the 
fibers, giving the fabric more integrity." 

I hereby further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 





Billie Collier 
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Technical Data Sheet 



Methacrylic Acid, 
Glacial 



January 1997 



Product Specifications 


Value 


Test Method 


Assay, % minimum 


99.5 


G.C., ex works 


Water, % maximum 


0.2 


Karl Fischer 


Color, APHA maximum 


20 


Pt/Co. ex works 


Stabilizer ± 20 ppm MEHQ 


200 





Physical Properties 



Freezing point, °C (approx.) 16 

Boiling point, °C 161 

Density @ 20°C, g/cm 3 1.02 

Flash point, °C, Abel-Pensky 73 

Ignition temperature, °C 365 

Refractive index, n D @ 20°C 1.431 

Specific heat (liquid; 20°C), kJ/kg K 1.95 

Viscosity @ 20°C, mPa«s 1 .4 

@40°C, mPa.s 1.0 

@ 80°C, mPa.s 0.6 

Latent heat of evaporation @ 90°C, kJ/kg 456 

Heat of polymerization, kJ/kg 768 

Caloric value @ 25°C, kJ/kg 22,340 

Heat of neutralization, kJ/kg (approx.) 650 

Dissociation constant @ 25°C 3.7 x 10" 5 

Vapor pressure @ 20°C, mbar 0.8 

@ 40°C, mbar 3.5 

@60°C, mbar 13.0 

@ 100°C, mbar 101 

@ 120°C, mbar 234 

Explosion limits, % volume @ 65°C, lower 1 .6 

Explosion limits, % volume @ 65°C, upper 8.1 

Permitted temperature range for use in electrical equipment T2 



Formula: C4H6O2 

Molecular Weight: 152.2 

Product Number: 008371 

CAS Registry Number: 79-41-4 



CH 2 =C — C — OH 
CH 3 O 



Description 

Glacial methacryiic acid is a ciear, col- 
orless liquid (above 16°C) with a 
penetrating odor. 

Safety 

The normal precautions relating to 
handling chemicals and local regula- 
tions on industrial hygiene must be 
observed. Measures must betaken to 
avoid inhalation and contact with the 
skin or mucous membranes. 

The consequences of swallowing 
methacrylic acid glacial are burns in 
the oral mucous membranes and in- 
testinal tract. 

LD50 oral (rats): 1600 - 2200 mg/kg 

Methacrylic acid glacial causes skin 
burns. Consequently, all forms of skin 
contact must be avoided with the 
product and its solutions, e.g. protec- 
tive g'oves must be worn. Clothing 
splashed with methacrylic acid must 
be immediately changed, and 
splashes on :he skin must be re- 
moved with copious water. 
Methacrylic acid glacial involves the 
risk of aosorotion through the skin and 
causes contact dermatitis. 



Methacrylic acid glacial causes mu- 
cous membrane and eye burns, and 
safety precautions must be adopted 
to avoid this, e.g. safety goggles 
should be worn. If splashes enter the 
eyes, the eyelids must be spread 
wide apart, and the eyes must be thor- 
oughly irrigated with water for 15 
minutes. Afterwards an ophthalmolo- 
gist should be consulted. 

Methacrylic acid vapor causes burns 
in the respiratory tract to an extent 
that depends on the amount and con- 
centration, and steps must therefore 
be taken to avoid its inhalation. Fresh 
air breathing equipment should be 
worn if necessary. 



Always refer to the Material Safety 
Data Sheet (MSDS) for detailed 
information on safety. 

Applications 

Methacrylic acid, glacial can be read- 
ily polymerized, its presence in 
copolymers reduces the softening 
terr perature and the hardness and im- 
proves the adhesion of surface 
coatings and adhesives. Since it is a 
carboxylic acid, it can be converted 
by conventional methods into 

(continued on reverse side) 



Industrial Inorganics 



BASF 



methacrylates, metracrylarride, N- 
substituted methacryl amides, and 
acryloyl chloride. 

Polymers containing methacrylic acid 
are used in a number of applications 
including: 

» surface coatings 

• auxiliaries for the leather and textile 
industries 

• flocculants 

• ion exchangers 

soil improvers (poly- electrolytes) 
Packaging 

Available in bulk and 463 lb (net 
weight) plastic drums 

Storage & Handling 

In order to avoid premature polymeri- 
zation, methacrylic acid glacial must 
be stabilized and kept under a blan- 
ket of air (not of an inert gas). The 
storage temperature must not exceed 
40°C. When properly stored in a pro- 
tected storage area, the product can 
have a shelf life of about 1 year from 
date of manufacture. The temperature 
must also not be allowed to fall below 
18°C owing to the risk of freezing. If 
the permissible storage time or stor- 
age temperature is significantly 
exceeded, the product may polymer- 
ize spontaneously 



Methacrylic acid glacial polymerizes 
very readily. In fact, if it is not stabi- 
lized, the polymerization reaction can 
proceed explosively. For this reason, 
the product is supplied only in the sta- 
bilized form. The usual stabilizer is 
hydroquinone monoethyl ether 
(MEHQ) in proportions of 200 ppm. 
As a rule, it is not necessary to re- 
move the stabilizer before 
polymerization commences. If neces- 
sary, its effect can be compensated 
by an excess of polymerization initia- 
tor. 

If methacrylic acid glacial has frozen, 
it must not be reliquefied unless cer- 
tain precautionary measures are 
taken! For instance, it may be allowed 
to thaw in heated rooms in which the 
temperature does not exceed 40°C. If 
the necessary facilities are available, 
warm water may also be used for 
thawing, but its temperature must not 
be allowed to exceed 4S°C. The use 
of steam must be avoided under all 
circumstances. 

During and after thawing, it is abso- 
lutely essential that the product is kept 
thoroughly mixed to ensure uniform 
distribution of the stabilizer and that it 
is kept saturated with oxygen. 

The manufacturer of the methacrylic 
acid glacial must be immediately con- 
sulted if large amounts are frozen. 



Although methacrylic acid glacial is 
not a flammable liquid in the sense of 
the UNO "Orange Book", it may form 
explosive mixtures with air at elevated 
temperatures. For this reason, we rec- 
ommend that regulations on explosion 
prevention be observed during stor- 
age and processing. 

According to the Enclosure I to the 
EEC Guideline on hazardous indus- 
trial substances, methacrylic acid 
glacial requires a hazard warning la- 
bel. Hazard warning symbol C. 

Always refer to the Material Safety 
Data Sheet (MSDS) for detailed 
information on handling and disposal. 



IMPORTANT: 'While the descriptions, de- 
signs, data and information contained 
herein a'e presented in good faith and be- 
lieved to be accu'ate, it is provided for 
your guidance only. Because many factors 
may affect processing o r application/use, 
we recommend that you make tests to de- 
termine the suitability of a p'oduct for your 
particular purpose prior to use. NO WAR- 
RANTIES OF ANY KIND, EITHER EXPRESS 
OR IMPLIED. INCLUDING WARRANTIES 
OF MERCHANTABILITY OR FITNESS FOR 
A PARTICULAR PURPOSE, ARE MADE RE- 
GARDING PRODUCTS DESCRIBED OR 
DESIGNS, DATA CR INFORMATION SET 
FORTH, OR THAT THE PRODUCTS, DE- 
SIGNS. DATA OR INFORMATION MAY BE 
USED WITHOUT INFRINGING THE INTEL- 
LECTUAL PROPERTY RIGHTS OF 
OTHERS. IN NO CASE SHALL THE DE- 
SCRIPTIONS. INFORMATION, DATA OR 
DESIGNS PROVIDED BE CONSIDERED A 
PART OF OUR TERMS AND CONDITIONS 
OF SALE. Further, you expressly under- 
stand and agree that the descriptions, 
designs, data and information furnished by 
BASF hereunder a'e given gratis and 
BASF assumes no obligation or liability for 
the descipt'c-r desig-s. dala and informa- 
tion givon o' results obtained, all such 
being given and acceoted at your risk. 

© 1997 BASF Corporation 



Customer Service 

EAST 1-800-426-8696 

WEST 1-800-543-1740 



BASF Corporation 

Chemicals Division 

3000 Continental Drive - North 

Mount Olive. New Jersey 07828-1234 

World Wide Web: h!tp://www.basf.com 
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1. 'Using bicomponcni fibers containing metal or carbon in a spunbond process is very 
expensive, plugs filters and packs, and changes the natural color of the fabric being produced. If 
metal or carbon v. ere used as an antistat ic agent i u a spuhx-nd pi oce^, a> suggested at page 5 of the 
Action of August 6, 2010, the unintended consequence of changing the color would be considered by 
a shilkd art! ;an as c rasing a defect in the spunbonded fabric. In addition, 'he high amount ofmctal 
and/or carbon that would be required to be added in order to reduce the static level measured at about 
one half inch below the outlet of the slot attenuation device from greater than 2 kilovolt per inch or 
less than -2 kilovolt per frsk to between -2 kilovolt per inch and 2 kilovolt per inch would 
significantly change the natural color of the spunbonded fabric being produced. 

2. I would understand horn the original specification of the subject application (serial number 
10/662,492) that the described method of producing a spunbonded nonwoven fabric, including the 
addition of an antistatic agent to the melt blend, does not cause any defects in die fabric; For 
example, the specification discloses on multiple occasions that the described method reduces fabric 
defects (e.g., page 3, lines 30-31), 

3. The Action of August 6, 2010 states at page 2 that "Gillespie [U.S. Patent No. 5,783,503] 
teaches using combinations including nylon and polyester (see Gillespie, col. 4, lines 66 - col 5, line 
25). Increases in moisture absorbency increase fiber conductivity, which is antistatic since it limits 
static buildup, and nylon's or polyestcr's presence would improve fihei conductivity, vhi. h is 
antistatic since it limits static buildup, and nylon's or polyester 's presence would improve the 
absorbency of the blend since they have 0.4-4.5% standard moisture regain." This seems to imply 
that, as the nylon content (compared to tbepolyolefin content) increases, the static dissipation in a 
spunbond process should improve, such that a 100% nylon process would have dramatically 
improved static dissipation properties over a 100% polyolehn process. However, Ms is not the case. 
A slot spunbond potyoiefiu process does not generate near the static at the exit of an attenuation 
device that a nylon slot spunbond process does. Also, in the nylon process, the polymer exits the 
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spinneret with little to no moisture since the moisture is removed by drying the resin or flashed off 
during spinning. One possible explanation for the fact that the presence of nylon docs not reduce the 
static in practice is that the amount of time between the exit of the spinneret and the exit of the slot 
may not be sufficient for the nylon to absorb enough water to make an impact. 

4. The Action of August 6, 2010 at pages 2-4 discusses spinning nylon along with polyolefms, 
referencing Gillespie and Tortora {Understanding Textiles). However, the melting point of 
polyolefin is much lower than nylon. Commonly used polyolefms melt around 160 to 170 °C where 
nylon 6 melts at 228 °C and nylon 6,6 at 269°C. Polyolefin fabric would completely melt if a 
bonding temperature of between 180 °C and about 250 °C were used. Also, the nylon spinning 
process would not allow the processing of polyolefms; it is just too hot. Gillespie makes this point in 
column 8, lines 40 -52, stating that "[fjhe polymers should be selected to have melting temperatures 
and should be spun at a polymer throughput that enables the spinning of the components through a 
common capillary at substantially the same temperature without degrading one of the components. 
For example, nylon is typically extruded at a temperature of approximately 250 to 270 degrees 
Centigrade. Polyethylene and polypropylene typically are extruded at a temperature of approximately 
200 to 230 degrees Centigrade. The polymers come together in the spin pack at the same capillary at 
a temperature of about 250 degrees Centigrade and are spun at a polymer throughput that avoids 
degradation of the lower melting component." This point is also emphasized in U.S. Patent 
Application Publication No. 2003/01 81 1 12 which discloses a spunbonded nonwoven fabric which is 
made of a polyolefin resin. The melt point of the polyethylene resin is "in the range of 100 to 140 
°C (page 4, paragraph [0061]). This emphasizes that a polyolefin fabric would completely melt, 
potentially destroying the spunbonding equipment, if a bonding temperature of between 1 80 °C and 
about 250 °C were used. 

5. The Action of August 6, 201 0 at page 5 states that "Gillespie does teach to incorporate into 
the polymer melt components to control electrical properties (fonriing in an extruder) (see col .5, lines 
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>-42)." H GillespieY c i > 1 i 'i I", 1 t retu lat< 

torainii i 1 1 - s i 1 i 1 1 > ] t • * asplitta 1 . lei Gill cdisc hat tjhe 

i ingle polymer cat mlatedby tl dditio fvarioi > ( i ), in el 

create polymers of suitably different properties that do not adhere well to each other for use in the 

i Hi the mventioa 1 imple, a singl polymet can be used foi first and second 

components with suitable additives to control the surface free energy, electrical properries or 

n stallkation so as to produce a splittable filament" ('column 5, lines 32-39). Gillespie does not 
di i us= UM]1 a , - n n static igent bm instead discusses the use of nddm to facilitate making a 
splittable fiber. 

6. Gillespie 1 ach ? that "[a] triboclectric chars can be developed in the filaments to promote 
i > [a] nylon component can de\ ucl c ch (and) [a]i mal electric 

field can be applied !o the, filaments... to augment the separation" (column 9, lines 53-63). Tims, 
add ntotj llbl , inthf i ilk pi roc ofadditi es that would lower the static level at 
the outlet of an attenuation device would inhibit, separate n >f the filai i ms, indirect contrast to the 
goal of the Gilk spie process, 

7. 'Ike Action of August 6, 2010 states at page 6 that "[i]t would have been obvious to one of 
ordinary skii 1 in (.he art at the time of the invention to select nylon 6 as the nylon to use in Gillespie 
in order to have greater tenacity." Although nylon 6 has greater yarn tenacity, it is not necessarily 
r<ue 11 ni i i ,- t ( t i 1 i ii " 1 <. t i i not i thing mi 
is not limited to just yarn tenacity. The bond area of the calender, the calender temperature and 
pressure, and the line speed are just a lew of the variables that impact fabric strength. 
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f hereby further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were tnade with the knowledge, that willful false statements and the like so made are punishable by 
fine at imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the. application or any patent issued 
thereon. 




Albert E. Ortega 
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ABSTRACT 

Recent research on all aspects of thermally point 
bonded nonwovens has led to considerable 
improvements in the understanding of material 
requirements for these nonwovens, the changes that 
occur during bonding and the resultant deterioration 
of the mechanical properties of the nonwoven 
materials. This paper addresses how one may use a 
bicomponent fiber technology to overcome the 
shortcomings of the thermal bonding and obtain high 
strength spunbond fabrics. In particular, we present 
the utility of islands-in-the-sea (L'S) bicomponent 
fibers for optimizing the strength of thermally bonded 
fabrics. To examine the role of various bonding 
temperatures on the fabric performance, pre- 
consolidated webs were formed and subsequently, 
thermally bonded. Thus, any influence introduced by 
potential variations in the structure was minimized. 
Point-bonded bicomponent samples made up of 
nylon-6 (N6) as the islands and low density 
polyethylene (PE) as the sea showed great promise 
with respect to their mechanical properties, 
suggesting that the use of bicomponent fibers can be 
beneficial for strength optimization of thermally 
bonded spunbond nonwovens. 

[NTRODUCTION 

Thermal calender bonding is one of the most 

fabric manufacturing [I]. In this process, a pre- 
consolidated web is passed through the nip of two 
rolls pressed against each other at a desired pre-set 
pressure and heated internally to a desired 
temperature. Often, one of these rolls has an 
engraved pattern on its surface that leads to fiber-to- 
fiber bonding locally at the points of the intersection 
of the engraved pattern with the smooth roll [2], This 
type of bonding results in the formation of bonding 
"points" or "spots"' on the fabric and is referred to as 
point-bonding. Bonding with this technique is 
achieved by the direct conduction of heat. The nip 
pressure of the calender brings the fibers together to 
cause fusion of filaments/fibers at their cross-over 



points [2]. Overall, point-bonding is accomplished 
through three critical steps: 1) heating the web to 
partially melt the crystalline regions, 2) diffusion of 
the newly released chain segments across the fiber- 
fiber interface, and 3) subsequent cooling of the web 
to cause its re-solidification and to trap the diffused 
chain segments [3, 4]. The degree of fiber-to-fiber 
fusion in the bonding spots determines the final 
strength of the bond and ultimate properties of the 

Many studies have been conducted to determine the 
optimal conditions for calendering to enhance the 
performance of bonded fabrics [1-10]. It has been 
shown that point-bonded spunbond nonwovens are 
typically not very strong and that bonding 
temperature at a constant line speed or line speed at a 
constant bonding temperature has a profound effect 
on the tensile properties of these fabrics. Typically, 
with an increase in the bonding temperature or time, 
the strength of the fabric improves until it reaches a 
maximum. Any further increase in the temperature or 
bonding time results in a web lower strength [1-4, 8- 
9]. At the bonding conditions below the peak, fabric 
failure occurs by bond disintegration because of 
insufficient fiber fusion or "under-bonding". At 
temperatures above the maximum optimal bonding 
temperature, the failure occurs by fiber breakage at 
the bond periphery, leaving the bonds intact [1-4, 8, 
10]. The fabrics bonded at the high and optimal 
temperatures are referred to as over-bonded and well- 
bonded, respectively. 

Several explanations of the failure mechanism of 
over-bonded and well-bonded nonwovens have been 
provided in literature. One possible cause of such 
failure mechanism is that the fibers arc "crushed" by 
the calender rolls and thus weakened at the bond edge. 
However, Chidambaram ct al. [5] showed that this 
factor accounted for only a small portion of the loss 
of the web strength. Wang et al. [4, 10] studied 
thermally bonded isotactic polypropylene (iPP) and 
poly(cthylene terephthalate) (PET) nonwovens and 
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weak sea and strong islands. !f the sea and island 
materials comply with all previously mentioned 
requirements, then it is probable that the thermal 
bonding process would not influence the morphology 
and the strength of the islands in the vicinity of the 
bond spots; whereas the sea could be completely 
melted acting as a binder and transferring the stress to 
stronger island fibers under the load. This could be a 
simple way to enhance the properties of the 
calendered fabrics. 

In this paper, we present a study where the 
effectiveness of the I/S fibers in the optimization of 
the mechanical performance of thermally bonded 
spunbond nonwovens was explored. 

EXPERIMENTAL 

Materials 

Ultramid BS 700 nylon-6 (N6) (BASF) was used as 
the island polymer. The same was also utilized in the 
production of homo-component fibers and fiber webs. 
ASPUN 681 1A polyethylene (PE) (Dow Chemical 
Company) and poly (lactic) acid (PLA) 
(NatureWorks, LLC) were used as the sea. Some of 
the properties of the polymers are summarized in 
Table 1. 



TABLE I. Properties of the island and sea polymers 



found a reduction in birefringence (molecular 
orientation) of the fibers at the bond spot and in its 
vicinity compared to the original, unbonded fibers. 
The molecular orientation of the fibers entering the 
bond spot decreased significantly over a distance of 
30-40 microns from the bond edge, implying a large 
decline in the fiber modulus in this region. The 
change in the fiber morphology was influenced by 
bonding conditions and it was significantly smaller in 
samples bonded at lower temperatures or for shorter 
times. The properties of bridging fibers at locations 
greater than 30-40 microns from the bond edge were 
unchanged from the original fibers. Similar results 
were observed by Dharmadhikary et al. [6] for PP 
nonwovens. Chidambaram et al. [5] reported that the 
large reduction of the fiber birefringence leads to a 
significant decrease in the fiber strength. Thus, the 
fibers, having the same diameter along their entire 
length, are expected to fail where their molecular 
orientation is the smallest. The birefringence of the 
fibers is low within the bond and at its edge, but the 
cross-sectional area of the bond is much larger than 
that of the fibers, thus the fibers at the bond periphery 
would fail predominantly [4, 10]. Because the change 
in the fiber morphology is influenced by bonding 
conditions, over-bonded webs demonstrate a larger 
loss of mechanical properties of the fibers entering 
the bond compared to well-bonded webs [3, 4]. This 
allows for fabrics bonded at the optimal temperature 
to show superior mechanical performance over the 
webs bonded at higher temperatures. Nevertheless, 
even well-bonded nonwovens demonstrate premature 
failure at the bond periphery as a result of the partial 
loss of the fiber strength brought about by the thermal 
bonding process. It has been hypothesized that if the 
bridging fibers of well-bonded nonwovens would 
have the same strength over their entire length, 
including the region at the bond periphery, it would 
lead to better load sharing and would potentially 
result in a stronger web [3]. 

Our hypothesis is that improved bonding and higher 
fabric strength could be achieved through the use of 
bicomponent fibers, such as sheath-core or islands- in- 
the-sea (I/S) fibers, in which numerous small 
filaments of one polymer - islands - are placed in a 
matrix of another polymer sea. However, the island 
(core) and sea (sheath) components must have certain 
characteristics. The island polymer should have 
higher strength and lower elongation at break than 
the sea component, and the sea should have a lower 
melting temperature than the island to allow the 
bonding of the structure without adversely affecting 
the islands. Moreover, only in the presence of a 
strong interface between the island and sea polymers, 
the mechanical stresses could be transferred between 



Polymer Melting 

Temperature 
Island Sea y cq 


Density, 


Specific 

Heat, 

J/kg-K 


B\ 
K 


N6 - 220 


1 14 


1600 


6064 


PLA 173 


1.25 


ISOd 


9128 


PE 125 




2200 


2727 
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In ?7 0 = In A + (B I T f ) where T f is the polymer 
k'!'i|-ci.it.iL- measured i:i K // c the pnKmci a-io slu-ai 

E a 

vneoMls measured at 7 . . B — — - where E and R arc 

' R 

the polymer activation energy and universal gas constant 



Methods 

Sample preparation 

Bicomponent and homo-component pre-consolidated 
spunbond webs were produced at the Nonwovens 
Cooperative Research Center (NCRC) Partners' Pilot 
facilities located at North Carolina State University. 



Journal of Engineered Fibers and Fabrics 
Volume 2, Issue l - 2007 



39 



http://www.jeff ournal .org 



TAULLi 11. Description of the nonwoven sample processing and bonding conditions 



Sample Abbreviation 



Processing and Bon 



I0U%N6 

100% pi; 

100% PLA 
108 1/S 25/75 N6/PE 
108 1/S 50/5K S'-T\: 
108 I/S 75/25 N6/Pli 
108 1/S 75/25 N6/PLA 



Keys: 'C - Calendering 



: 170°C -200°C 



'Cat I25°C - 155°C 



The fiber processing and bonding conditions are 
listed in Table 2. All fibers were quenched at the 
same cooling temperature of 12.8 °C. The extrusion 
temperatures of the 100% N6, 100% PE, and 100% 
PLA fibers were 274, 216, and 227 °C, respectively. 
In the case of 108 I/S N6/PE fibers, N6 and PE were 
extruded at 266 and 227 °C, respectively. The 
extrusion temperatures of N6 and PLA polymers 
composing 108 1/S N6/PLA fibers were 274 and 
227°C, respectively. Calender bonding for all samples 
was conducted at a speed of 10 m/min with a nip 
pressure of 70 kN/m (400 pounds per linear inch). 
The basis weight of fabrics was maintained constant 
at about 0.2 kg/m 2 . Both free-fall (undrawn) and 
drawn fibers were collected to examine their 
properties. 

Mechanical properties 

The tensile properties of the homo-component and 
bicomponent fibers were examined according to 
ASTM D3822-01. Twelve specimens of each sample 
were used to determine an average breaking force 
and elongation at break. 

The tensile properties such as breaking force and 
elongation at break for all fabrics were determined 
according to ASTM D5034. Six specimens (100 x 
150 mm) of each sample were tested in machine 
(fvlD) and cross-machine (CD) directions, 
respectively. The tear strength of the fabrics was 
examined according to ASTM D 2261. Five 
specimens (75 x 200 nun) of each sample were tested 
in Ml) and CD, respectively, and their average values 
of strength were then calculated. All samples were 
conditioned at 65%-+.2% relative humidity and 
temperature of 21±1 "C prior to each test. 

Scanning electron ntu >; >v, y-v 

The bonding spots and liber failure mechanisms were 
examined by Scanning Electron Microscopy (SEM). 



Scanning electron micrographs were obtained on a 
Hitachi S-3200N microscope. Before each 
measurement, the specimens were coated with a layer 
of AuPd using a Denton Vacuum Sputter Coater. 

Thermal analysis 

Thermal analysis was carried out to determine the 
degree of crystallinity of the bicomponent and homo- 
component fibers by differential scanning calorimetry 
(DSC) using a PerkinElmer DSC 7 calorimeter. 
Standard indium sample was used to calibrate the 
DSC. Fibers weighing 3 to 4 mg were cut into thin 
pieces and dried overnight at 40 °C. Samples were 
scanned at a heating rale 20 °C /min between 25 °C 
and 250 °C. 

RESULTS AND DISCUSSION 

Prior to detailed investigation of the applicability of 
the I/S fibers to the strength optimization of the 
thermally bonded nonwovens, a study was conducted 
to determine the influence of" the island count on the 
mechanical properties of bicomponent fibers. Our 
study revealed that the 1/S N6/PE fibers consisting of 
108 islands displayed the best and the most consistent 
performance. Therefore, the 108 I/S N6/PE fibers 
were used further in the strength optimization study. 

Fiber properties 

Before the discussion of the mechanical properties of 
the 1/S bicomponent spunbond fabrics, the properties 
of homo-component and bicomponent fibers with 
different ratios of island and sea polymers were 
examined. 

N6 and PE were selected as the island and sea 
polymers, respectively, because N6 homo-component 
fibers had significantly higher tenacity, modulus and 
lower elongation at break than PE filaments (Table 3). 
As it was mentioned earlier in the paper, these 
differences may facilitate transfer of shear and tensile 
stresses through the weaker sea component to the 
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stronger internal phase, i.e. to N6, thus enhancing the 
strength of the N6/PE filaments. However, such 
stress transfer may be possible only in the presence of 
a strong interface between the polymers, as it has 
been shown by various researchers [11-13]. A weak 
interface would not allow any substantial stress 
transfer between the matrix (sea) and the island fibers 
due to debonding of the islands from the sea and 
sliding of the islands relative to the weaker matrix. 



Such sliding typically results in an abrupt drop in the 
strength as a consequence of low levels of normal 
stress acting across the interface [11]. Thus, a weak 
interface would result in the fiber fracture by phase 
debonding and relatively low fiber strengths. On the 
other hand, a strong interface typically leads to fiber 
failure as a result of crack propagation through the 
weak phase [13]. 



TABLE III. Properties of the homo- and bicomponent filaments 



N« of Islands 


Composition 




Initial Modulus, 


Diameter, 








% g/den 


g/den 


e m • 




0 


100 %PE 


83.8(o=6.9) 1.0(0=0.1) 


13.9(0=2.01) 


19.3(o=2.0) 


2.5(0=0.2) 


0 


100%N6 


52.9(0=6.2) 7.2(0=0.8) 


178.7(o=18.2) 


15.7(0=1.9) 


2.0 (o=0.2) 


0 


100%PLA 


12.4(0=1.3) 3.9(0=0.4) 


154.8(o=l6.3) 


13.1(o=1.3) 


1.5 (o=0.1) 


108 


25/75 N6/PE 


10.6(0=3.1) 2.1(0=0.5) 


41.97(o=4.7) 


17.6(0=1.1) 


2.2 (o=0.3) 




50/50 N6/PE 


33.5 (o=5.2) 2.9 (o=0.2) 


51.27(o=5.3) 


17.2(0=1,0) 


2.2(o=0.3) 


108 


75/25 N6/PE 


26.2 (o=4.3) 3.6 (o=0.5) 


78.5 (o=8.0) 


17.1 (o=1.6) 


2.3 (o=0.3) 






12.4(0=0.1) 3.2(0=0.4) 


104.6 (o=10.7) 


15.2(0=1.0) 


1.9(0=0.1) 



Finally, the melting temperature of PE was about 
95 °C lower than that of N6 (Table I). Thus, PE 
could act as a "binder" for the bicomponent N6/PE 
spunbond web during calendering, which in turn, 
could decrease the risk of thermal damaging of the 
N6 islands and reducing the ultimate fabric strength. 

The diameter of the N6/PE bicomponent fibers was 
in between that of single component N6 and PE 
fibers (Table 3). According to Lin et al. [14], such 
observation may be an indication of a similarity in 
the component drawing behavior and may point out 
to a strong interface between the components and 
their sufficient attenuation in the spunbond bico- 
spinline without sliding or debonding of the polymers 
on their interface. Because we believe that N6/PE 
fibers had a relatively strong interface and PE 
demonstrated a higher elongation at break than N6, it 
is possible that stress would be transferred between 
the strong N6 islands and weak PE phase during 
mechanical testing. This could explain the 
performance of the N6/PE composite fibers, which 
was better than that of PE, but worse than the 
performance of N6 homo-component fibers (Table 3). 
Our hypothesis about the stress transfer between 
stronger N6 islands and weaker PE sea through a 
strong interface between the polymers was also 
confirmed with a help of SEM analysis of the 108 I/S 
N6/PE fibers fractured in the Instron testing machine 
(Figure I). The figure indicates a strong interface 
between the components of the bicomponent N6/PE 
fibers. 




FIGURE 1. 108 I/S 75/2-5 K6/1M-" i left) and 108 VS 
75/25 N6/PLA (right! fiber fracture undei the load: the 
>.\i'c l.-ii ■. i mics|vnj in : :i < !.T. '■ j :.l 200 (light) 

microns. 
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The hypothesis of the stress transfer between island 
and sea materials can also be illustrated via 
comparison to other bicomponcnt filaments, in which 
the sea had lower elongation at break than the island 
and the interface between the sea and island was not 
as strong as in the case of the N6/PE fibers. Table 3 
shows that the bicomponent filaments made up of 
25% of PLA and 75% of N6 had the tenacity and 
elongation of nearly pure PLA filaments. This may 
indicate that the fracture of PLA sea initiated the 
failure of the bicomponent fiber; or in other words, 
there was no stress transfer between weak PLA and 
strong N6 islands due to a weak interface between N6 
and PLA polymers and lower elongation at break of 
the PLA component. Moreover, SEM analysis of the 
N6/PLA fiber fracture indicated the failure path by 
mostly debonding in the N6/PLA fibers (Figure I). 
Once debonding occurred, the stress transfer between 
PLA and K6 became impossible. 




Calender Temperature, °C 



FIGURE 2. Tongue tear strength of the 108 I/S 75/25 N6/PE (left) and 
lines - MD; dash-dot lines - CD. 




125 130 135 140 145 150 155 _ 

Calender Temperature, °C 



FIGURE 3. Grab tensile strength of the 108 1/S 75/25 N6/I'E (left) and 
lines -MD: dash-dol lines - CD. 



Our data also showed that the N6/PE filaments with 
75% of N6 as the island had the highest values of 
strength and modulus. Therefore, the composition 
75/25 N6/PE was used in our further study. 

Homo- and bicomponent substrates - 
performance at different bonding temperatures 
To evaluate the effectiveness of the I/S bicomponcnt 
fibers in thermal bonding, the 108 I/S 75/25 N6/PE 
and 100% N6 pre-consolidatcd webs were calendered 
at bonding temperatures ranging from 125 °C to 155 
°C and 170 °C to 200 "C, respectively (Table 2). For 
these series of samples the tongue tear and grab 
tensile strength values were obtained and plotted as a 
function of the bonding temperature (Figures 2 and 
3). 




Calender Temperature, °C 

■ (right) sample series as a function of the bonding temperature: solid 




Calender Temperature, °C 
. (right) sample series as a function of the bonding temperature: solid 



As can be seen from these figures, the bicomponent 
fabric bonded at 145 °C and N6 fabric bonded at 200 
°C showed the maximum tensile strength in both 
directions and the highest tear strength only in CD. 
The MD tongue tear data demonstrated peak values 
at 135 °C and l l )0 °C for bicomponent and homo- 
component sample series, respectively. Because the 
tensile properties of the bicomponent fabric started to 
deteriorate after 145 °C, this temperature was 



considered to be optimal for bicomponent sample 
series under the conditions used. The most favorable- 
bonding temperature for the N6 samples was 
considered to be 200 °C because webs bonded at this 
temperature demonstrated no delaminating during 
testing in contrast to other N"6 nonwovens bonded at 
lower temperatures. 
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Overall, all I/S bicomponcnt sample series showed 
considerably better performance than the 100 % N6 
homo-component nonwovens. For comparison, the 
108 I/S 75/25 N6/PE fabric, bonded at its optimum 
bonding temperature (145 °C), had a tongue tear 
strength about three to four times higher than that of 
the homo-component N6 fabric bonded at 200 °C. 
The grab tensile strength of the same biconrponent 
fabric was more than three times higher in the MD 
and more than two times higher in the CD than the 
tensile strength of the N6 fabric. These data 
demonstrate the effectiveness of the I/S bicomponent 
fibers in improving the performance of these fabrics. 

Homo- and bicomponent substrates - difference in 
the bonding mechanisms 

The difference in the bonding mechanisms of homo- 
and bicomponent fabrics can be seen from the 
appearance of the fibers in the bond spot and at the 
bond periphery of these fabrics (Figures 4 and 5). 




FIGURE 4. Bond spots of 100 % N6 fabric bonded at 200 °C the 
scale bar corresponds to 500 microns. 

As can be noted from Figure 4, the homo-component 
N6 fibers in the bond spot and its vicinities were 
damaged; they became flat and also lost their 
definition, This could mean that N6 fibers within and 
in the vicinities of the bond spots endured significant 
macro and micro morphological changes, in 
comparison to the original, un-bonded fibers, and 
possibly became weaker due to the loss of their 
molecular orientation as a result of heat diffusion. 
Thus, in the presence of the strong thermal bonds, the 
failure in the calendered fabric is expected to 
propagate along the weak bridging libers entering the 
bond spots, as was reported before [1-4, 8, 10]. If this 
is true, then the comparison of the performance of the 
mechanically bonded webs consisting of original, un- 
damaged N6 fibers to a thermally bonded fabric, in 



which N6 fibers supposedly lost their strength, would 
show that the mechanically bonded webs perform 
significantly better than the thermally bonded ones. 
To prove the point, three N6 sample series were 
examined: calendered only, hydroentangled only, and 
calendered after hydroentangling (Table 4). 
Hydroentangling was chosen because it is a 
mechanical bonding process, in which the web of 
loose fibers is entangled by multiple rows of fine, 
high pressure water jets. Thus, because no fiber 
melting is involved in this bonding process, 
hydroentangling should not affect fiber morphology 
or strength. Indeed, the hydroentangled N6 
spunbonded fabrics were stronger than their 
thermally bonded counterparts and the 
hydroentangled structures lost their properties after 
being calendered. This confirms that thermal 
bonding of homo-component N6 webs causes 
irreversible morphological changes in the N6 fibers 
entering the bond spots, leading to a lower 
performance. 




FIGURE 5. Bond spot (left) and the fibers in the bond 
spot (right) of the 108 I/S 75/25 N6/PE fabric bonded at 
145 < ill calebw r owl It 00 i eft) mil 50 

(right) microns. 
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TABLE IV. Tensile and tear strength of the N6 homo-component fabrics 



Bonding Method 


Tensil. 


e Strength. N 


Tear Strength, N 




MD 


CI) 


MD 


CD 


Calendering at 200 »C 


446.4 


328.6 (o=30.4) 


530 


49.1 




(o=20.6) 




(0=8 8) 


(0=3.9) 


1 pass of hydrocntangling 


758.3 


412.0(0=23.5) 


75.5 


87.3 




(0=23.5) 




(0=29) 


(0=9.8) 


1 pass of hydrocntangling + Calendering at 200 °C 


701.4 


362.0 (o=28.5) 


402 


64.8 




(0=30.4) 




(0=12.8) 


(0=2.9) 



In the case of the 108 I/S N6/PE point-bonded fabrics, 
the N6 islands were enwrapped by the completely 
molten PE sea, but the fibrous structures of the 
islands remained intact along their entire length 
(Figure 5). This could mean that the bonding 
temperature of 145 °C was too low to cause a 
significant change in the morphology or the strength 
of the N6 islands along their entire length, including 
the region at the bond periphery, which is known to 
be the weakest link in well-bonded webs [1-4, 8, 10]. 
At the same time, the temperature of 145 °C caused 
complete melting of PE sea, leading to formation of 
solid, unfailing bonds. If strong bonds are formed, 
then the fabric failure would be expected to occur in 
the bridging fibers at the bond edge [1-4, 8, 10]. 

N6 polymer has higher activation energy of 
elongational viscosity and lower specific heat than 
PE (Table /), thus under the same quenching 
conditions the N6 islands comprising the 
bicomponent fibers would be expected to solidify 
earlier in the spunbond spin-line than the PE sea. 
Therefore, the islands should experience higher 
elongational stresses than the sea [15-20J. According 
to Kikutani et al. [16], if one component solidifies 
while the other is still in a low viscous state, the 
elongational stress experienced by the latter vanishes 
instantly and stress relaxation could occur in the 
second component leading to its molecular 
orientation relaxation. Hence, during the N6/PE I/S 
fiber spinning we could expect simultaneous 
development and suppression of the molecular 
orientation in the N6 islands and PE sea, respectively. 
If the PE sea was indeed initially poorly orientated. 



then very little loss of its molecular orientation or 
strength would be expected during the thermal 
bonding process of the I/S webs [3]. At the same time, 
because of supposedly intact islands, the strength of 
the bridging bicomponent fibers, including the region 
at the bond periphery, in the thermally bonded N6/PE 
nonwovens should not differ essentially from the 
strength of the original, unbonded N6/PE I/S fibers. 
If this is true, then due to the strong thermal bonds 
formed and intact bridging fibers the thermally 
bonded bicomponent I/S nonwovens would be 
expected to perform significantly better than their 
mechanically bonded counterparts because thermal 
bonds involve fiber interfusion rather than 
interlocking and they are typically much stronger 
than mechanical bonds. 

To confirm this hypothesis, three N6/PE sample 
series were examined — calendered only, 
hydroentangled only, and calendered after 
hydroentangling (Table 5). The hydroentanglement 
produced nonwovens having the lowest values of the 
tensile and tear strength. These values were 
comparable to those obtained for the hydroentangled 
homo-component N6 fabrics with the exception of 
the tensile strength in V1D direction. After being 
calendered, the 108 I/S 75/25 N6/PE hydroentangled 
fabrics showed an increase in the tensile and tear 
properties, unlike N6 hydroentangled webs. However, 
the highest values of the strength were demonstrated 
by the nonwovens calendered at optimal temperature 
of the bonding. 



TABLE V. Tensile and te 



Ih of the 108 I/S 75/25 N6/PE bicomponei 



Bonding Method 


Tensile St 


rcagth, N 


lear St 






MD 


CD 


Ml) 


CD 


Calendering at 1 45'C 


1435.2 


779.9(o-30 4) 




178.5 




(0=75.5) 




(0=13.7) 


<cr-13.7) 


1 pass of huliocmnna' 


263.9 


431.6(o=I08) 


71.6 


69.7 




(o=7.9) 




lo 5.91 


(0-9.8) 


1 pass of hydroentangling t- Calendering at 145 *C 


1029.1 


570.9 (o=17.7) 


1 69 7 


126.6 




(0-38.3) 




(o 13.7) 


(o 2.9) 
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These results show that the thermal bonding of the 
I/S N6/PE structures leads to the improved 
performance of the calendered spunbonds due to 
formation of the strong bonds without adversely 
affecting the bicomponent fiber strength. The data 
also may be considered as a circumstantial proof of 
the low degree of molecular orientation developed in 
PE sea as a result of the bico-spinning of essentially 
incompatible polymers, such as N6 and PE. 

Homo- and bicomponent substrates - 
crvstallinities 

To examine the morphological changes in the homo- 
component and bicomponent fibers after thermal 
bonding, the 100% N6 and 108 I/S 75/25 N6/PE 
fibers before and after calendering at the 
temperatures 200 °C and 145 °C, respectively, were 
analyzed by using DCS. The results are listed in 
Table 6. 



As may be seen from this Table 6, crystallinity of 
both 100% N6 and N6/PE I/S fibers, entering the 
bond spots, reduced after thermal bonding; however, 
this reduction was insignificant for the components 
comprising the N6/PE filaments. This, in turn, 
confirms our previous statements that calendering of 
N6 homo-component webs caused significant 
changes in the morphology and thus strength of the 
bridging fibers at the bond spots. On the other hand, 
the morphology or strength of the N6/PE bridging 
fibers, entering the bond spots, in the calendered 
webs was almost unchanged. Therefore, we believe 
that the significant loss of the fiber strength at the 
bond periphery of the thermally bonded N6 webs, in 
contrast to a little loss of the fiber strength at the 
bond edge of the N6/PE thermally bonded 
nonwovens, were responsible for the poor 
performance of the \'6 fabrics in comparison to the 
performance of the N6/PE sample series. 



I Alii I : VI Values of ilk- heat of fusion (AH) and cry<ta<l:mtv (yj obtained from the DSC thermograms of the N6 homo-component and N6/PE 
bicomponent fibers before and after calendering 



1/S 


Composition 


Sample Description 


AH N6, 

J/g 


AH PE , 
J/g 




Jtre 


0 


100% N6 


Fibers before bonding 


75 8' 




32.9' 




0 


100%N6 


Bridging fibers at the bond edge after 


59 4' 




25.8' 








bonding 






21.6 2 




108 


75/25 N6/PE 


Fibers before bonding 


49.8 2 


28.4' 


9.7 3 


IDS 


75/25 N6/PE 


Bridging fibers at the bond edge after 


48. 1 2 


23.5' 


20.9 2 


8.0 3 






bonding 











AViv IV heal ot'ftiMon ,vu! m>t :'i.:-ir of the N6 homo-component fibers; 2 The he.-: . ' .-\->>;s!!ni,\ ot'slir N(. islard 

rniii|H)iie!il eoinpnsini' llic N YVI'l. I/S lll-cix ' The heat n) T-.^'on and : ■■ ' ■ . .m.i'Diient composing the NfvTl . 1/S fitvis. 



Optimization study - polymer ratios and number 
of islands 

Although the results of the mechanical testing of the 
I/S N6/PE fibers indicated that the fibers made up of 
75% of N6 showed the best performance, the 



influence of the polymer ratio on the fabric 
mechanical properties was also investigated. Pre- 
consolidated spunbond webs made up of fibers with 
85%, 75%, and 50 % of N6 were calendered at 
i45 °C and their mechanical properties were 
determined (Figure 6). 




Journal of Engineered Fibers and Fabrics 
Volume 2. Issue l - 2007 



45 



http://uiwxu.jefflournal.org 



As can be seen from the figure, the fabric containing 
75% of \'6 had the highest tear strength in both 
directions and the highest tensile strength in CD. 
When using nylon ratios higher than 75%, it is 



probable that the amount of the sea polymer was not 
sufficient to completely bind the structure together 
and consequently, the web properties deteriorated. 




0 18 36 54 72 90 108 0 18 36 54 72 90 108 

Number of Islands Number of Islands 



FIGURE 7. Tear (left) and tensile (right) strength of the bicomponent 75/25 N6/PK fabric as a function of the number islands: solid lines - MD; 
dash-dot lines -CD. 



To determine the effect of the number of islands on 
the mechanical properties of the calendered 
bicomponent nonwoven fabrics, pre-consolidated 
spunbond webs made up of fibers with 1,18, and 108 
islands were calendered at 145 °C and tested for their 
tear and grab tensile strength. The results of the tests 
are presented in Figure 7. The figure shows that the 
1 8 I/S N6/PE fabric had the highest tensile strength, 
whereas the 108 I/S N6/PE fabric demonstrated the 
highest tear strength in both directions. The latter 
may be explained by the fact that when tear 
propagates through the 108 I/S N6/PE fabric, a larger 
number of the islands arc released and bunch together, 
absorbing significant tearing energy. Therefore, the 
108 I/S N6/PE webs demonstrated tear performance 
superior to that of other nonvvovens made up of 
smaller number of islands. 

Note, however, that all I/S structures performed 
significantly better than N6 homocomponent sample 
series. This confirms again the fact that in contrast to 
the thermal bonding of 100% N6 webs, calendering 
of the N6/PE bicomponent structures allowed 
formation of the strong, unfailing bonds without 
damaging of the bicomponent fiber strength. 

CONCLUSIONS 

In this paper, we have demonstrated that by using 
bicomponent islands-in-the-sea fiber technology it is 
possible to overcome the shortcomings of the thermal 
bonding process and produce nonwovens with 
significantly higher strength. Our study has revealed 
that the strength of a calendered fabric could be 
improved significantly with the use of the I/S fibers, 
such as N6/PE, which have a relatively strong 



interface between the polymers and sufficient 
differences in the properties of the island and sea 
components. In the N6/PE fibers, the N6 islands had 
higher strength, modulus, and melting temperature 
and lower strain at break than the PE sea. The 
thermal bonding process caused complete melting of 
the PE sea, leaving the islands intact along their 
entire length. Moreover, it is possible that the un- 
oriented and weaker PE phase endured very little, if 
any, change in the morphology or strength during the 
thermal bonding process. Therefore, the strength of 
the bridging bicomponent N6/PE fibers, including the 
region at the bond periphery, in the thermally bonded 
nonwovens did not differ from those of the original, 
un-bonded N6/PE I/S fibers. During mechanical 
testing, the weaker PE acted as a matrix that held the 
structure together and helped transfer the stress to the 
stronger, oriented islands via a strong interface 
between the sea and islands. This led to the superior 
performance of the calendered N6/PE fabrics over 
that of the calendered N6 webs, in which fibers in the 
bond spots and their vicinities underwent sufficient 
loss of the molecular orientation or strength. Among 
different number of islands and polymer ratios, 
nonwovens containing filaments with 18 and 108 I/S 
and composed of 75% of N6 and 25% of PF. 
demonstrated the best tensile and tear strength, 
respectively. 

Although calendering of the N6/PE sample series at 
the temperature of 145 °C seemed to result in the 
fabrics having superior performance over that of the 
samples bonded at other temperatures or by other 
methods, the high strength of the examined 
nonwovens was achieved at the cost of their 
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flexibility and permeability. To enhance these 
properties of the bicomponent fabrics without 
damaging their strength, other bonding possibilities 
need to be considered. These include through air 
thermal bonding, hydroentangling or needlepunching 
prior calendering or through air bonding, etc. 

This paper was focused on the mechanisms and the 
differences brought about by using the 1/S fibers, 
such as N6/PE, to achieve higher strengths in 
thermally bonded substrates. Although substantial 
experiments were conducted, much remains to be 
done to develop a full and complete understanding of 
the underlying material-process-property interactions. 
These include a detailed investigation of the failure 
mechanism of the thermally bonded I/S fabrics and 
the study of the influence of various polymer 
combinations, on the performance of the thermally 
bonded I/S fabrics. Some of these factors will be 
addressed in a subsequent paper. 
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ABSTRACT 



A spunbonded nonwoven fabric which is made of a poly- 
o!el'.n resin and h.us ar sveragv fiber diameter of 5 to 60 /mi, 
METSUKE of 5 to 200 g/m 2 , and a coefficient of static 
friction el (I I lo 0.4: or ,i s.-mbonded ['.unwoven fabric 
which is made of a polypropylene resin and has a stiffness 
[sum of the values for the longitudinal and transverse 
directions as obtained according to J1S L 1096, 6.19.1, 
method A (45° cantilever method)] of 70 to 120 mm and a 
coefficient til sialic friction of 0 1 to 0.1. 
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SPUNBONDED NONWOVEN FABRIC AND 
ABSORBENT ARTICLE 

TECHNICAL FIELD 

[0001] The present invention relates to a nonwoven poly- 
opia resin fabric and an absorbent article used this. In 
particular, the present invention relates to a nonwoven fabric 
which has good flexibility, fccliag and touch to the skin, and 
excellent strength, betiding rigiiity and posl-processability, 
and is capable of using suitably as a material for absorbent 
article such as disposable diaper and the like. 

BACKGROUND OF II IE INVENTION 

[(KHI2] A nonwoven thermoplastic resin long fiber fabric 
has been used in many fields, since it has characteristics such 
as mechanical property like tensile strength, bending rigid- 
ity, gas permeability and the like, and at the same lime it has 
cyclic i it continuous spinahility and productivity. Hie ther- 
moplastic resins used to these nonwoven long fiber fabric 
have been used polyrimiiic rtsins at:. I polyester resins from 
melt spinability, fiber characteristic and the like, however 
polyolcfin resins such as polypropylene, polyethylene and 
the like, which arc general purpose resin, have been much 
used. 

[0003] Among the nonwoven fabric comprising these 
polyolefin resins, for example, the polypropylene resin com- 
prises many resins havinc diikivnt degree of crystallinity, 
even though in homopolymers of propylene, and also it is 
known that there are many resins having different crystal- 
Unity, and also resins ha\ ing various characteristics such as 
melting point, strength, elastic modulus and the like by 
means of copolymers of propylene with ethylene, butene-1 
or the like. The nonwoven fabric used such polypropylene 
resins has good spinability in the ease of resin having high 
degree of cryslalliiiily, however it has problem of pi tor 
flexibility and feeling. And moreover, in the case of polypro- 
pylene resins having low degree of crystallinity or low 
inching point, it litis llexibility, however there are problems 
of slimy feeling, arid Wee friction resistance between fibers, 
fiber and other metal and the like at the time of spinning, and 
become very worse it; the spinability, >>r -tMsK feeling is 
poor in articles contacting to lite skin such as the absorbent 

[0004] f urther, in the case of resins having approximate 
90 mo] % of isota. lie :v nl.a.1 to ebon, there arc problem that 
characteristics such as strength. ligiil-N <>: 'lie like, and also 
spinability are relatively favorable, however in the case of 
ns, d ti i:s.irVnt articles such ;>>«:is:>;>s.ibU dhirvr. sanitary 
napkin, incontinent pad and the like, the obtained nonwoven 
fabric has not always sufficient using 'eel >::cb as feeling, 
touch to the skin and the like. 

[0005] Various improvements with the spunbonded non- 
waiver, fabric composed of the polypropylene resin long 
fiber have been proposed, for example, (1) Japanese Patent 
Laid Open No. 13238/1 99b disclosed po;;. propylene resin 
compositions for fiber containing crystalline polypropylene 
resins having ratio (Mw/Mn) of mass average molecular 
weight (Mw) to number average molecular weight (Mn) of 
2 to 15. and isotactic pentad fraction of 96'.: or more of 100 
mass parts, and fatty acid amide ci.»t:vu::tls of 0.01 to 1 



[0006] This official gazette intends to improve poor draw- 
ing by fuzzing at the drawing time, by adding lubricants to 
improve drawability and luster in manufacturing oi high 
strength fibers by high draw ratio of 6 times or more, used 
high crystalline polypropylene resins. That is, this proposal 
describes only that the resin differ from the range of crys- 
tallinity much used in nonwoven polypropylene resin fab- 
rics, and it is not always favorable in flexibility, feeling and 
touch to the skin, and it is used suitably to industrial material 
such as nonwoven fabrics, and it is not nonwoven fabrics for 
the absorbent article, and it relates to fibers for special use 
which intended improvement of strength and the like. 

[0007] On one hand, various methods are proposed to 
improve feeling, touch to the skin, flexibility and like as 
nonwoven fabrics used to the absorbent article. First of all, 
melt blown nonwoven fabric which has fiber diameter of 
several fan has point of advantage that feeling is soft. 
However, on the other hand, it is actual circumstances that 
the melt blown nonwoven fabric is almost not used to the 
absorbent by itself, since problem of characteristic such as 
that the nonwoven fabric is low in strength, very low in 
bending rigidity, fuzzing is occur, threads are easily drawn, 
incidental looping is easily occurred at the spinning time, 
rough feeling exist and this stimulate the skin and the like, 
or productivity is low, thus cost become higher. 

[0008] On account of this, various laminated nonwoven 
fabric which are composite feeling of the melt blown 
nonwoven fabric and respective characteristic such as 
strength, lien. ling rigidity, productivity and the like of the 
spunbonded nonwoven fabric are proposed. For example, 
(2) Japanese Patent Laid Open No. 88056/1990 proposed 
laminated nonwoven fabrics which specified laminating 
condition, and (3) Japanese Patent Laid Open No. 143853/ 
1997 proposed a laminated nonwoven fabrics which com- 
prises a composite spunbonded nonwoven fabric composed 
of two kind of resins having difference of melting points of 
10° C. or more and superposed thereon two kind of melt- 
blown nonwoven fabric having difference of melting points 
of 10° C. or more, and fused a resin with a nonwoven fabric 
having low melting point. However, the feeling in this case 
is carried by the melt-blown nonwoven fabric, the above 
described problem which is characteristic of the surface of 
the melt-blown nonwoven fabric is not still dissolved. And 
also, the composite nonwoven fabric makes complex the 
manufacturing apparatus, and melting points between the 
composite resins and fluidity are different, thus spinning is 
difficult in some case. 

[0009] On account of this, methods to improve feeling and 
the like of the spunbonded nonwoven polypropylene fabric 
having excellent strength and productivity are requested. As 
the improving method of feeling of the spunbonded non- 
woven fabric, first of all to make line the liber diameter is 
considered. However, when the fiber diameter is make too 
fine, strength is lowered, and also bending rigidity, thai is, 
sturdiness of the nonwoven fabric is decreased, in the 
manufacturing of the absorbent article such as disposable 
diaper and the like by post processing, in process of sending 
out of the nonwoven fabric, sealing and the like, it becomes 
problem that automation and high speed manufacturing 
becomes difficult, and large amount and low cost product is 
nol obtained, therefore putting the nonwoven fabric to 
practical becomes difficult in sonic case. 
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[0010] On account of this, there is a method using copoly- 
mers ol' propylene with the other olefin. However, also in 
this case, though feeling is improved considerably, this is 
due to lowering of bending rigidity t, softening of the raw 
material resin, thai is lev. ci ing of elastic modulus), lowering 
of post processability >:i.il changed. And also, spiiaibililv is 
lowered. 

[0011] Further, (4) Japanese Patent Laid Open No. 88459/ 
1998 proposed a long fiber nonwoven fabric composed of a 
heat fusible conjugate long fiber which comprises at least 
one kind of low melting point or low softening point resin 
selected from oletinic copolymer and delink tcrpolymer as 
the first aunpimi.ul, and a crystalline thermoplastic resin as 
the second component, in which a hydrocarbon based lubri- 
cant is contained in at least ihe firsl component, and content 
of the above described hydrocarbon based lubricant is 2 to 
20 mass % as the concentration in the fiber. 
[0012] Thai is, lliis proposal intend to improve lowering of 
spinabilily caused by using a low melting point of soft 
propylene random copolymer as polypropylene resins for 
improvement of flexibility or touch to the skin of the 
nonwoven fabric, by adding of the hydrocarbon based 
lubricant. Consequently, characteristics such as heat resis- 
tance, strength, bending rigidity and the like, which arc 
essentially afforded to polypropylene resins, especial 
polypropylene homopolymer, are lost and also the copoly- 
mer further contains relatively large amount of the hydro- 
carbon based lubricant having low molecular weight and 
low meting point, for example, lowering of heat sealing 
property, adhesive property and the like of the nonwoven 
fabric by bleeding of these lubricants is afraid. 

[0013] Moreover, it is known that a conjugate nonwoven 
fabric made by conjugate spinning with core sheath structure 
or side-by-side structure of two kind of resins having 
different kind and mellirig point, as described in the above 
described Japanese Palent Laid Open No. S8459/1998 as the 
nonwoven fabric. However, although this conjugate fiber 
nonwoven fabric is improved heal fusibility, in the case of 
increasing proportion of a eomonomer in the low melting 
point of polypropylene resin, there is slimy feeling of the 
surface as the nonwoven fabric, dry feeling as the surface 
material of absorbcnl article such as cii^visahie diaper, 
napkin or the like is lowered, and give discomfort feeling in 

[0014] (5) Japanese Patent Laid Open No. 290381/1999 
disclosed a back sheet for Ihe absorptive article which 
comprises a laminate layered alternately layers composed of 
polypropylene melt-blown nonwoven fabric and layers com- 
posed of polypropylene wet process nonwoven fabric in 
which (vie side surface have- ..!' the laminae comprises ihe 
polypropylene wet process nonwoven fabric layer, 'lliat is, 
by id.ipiing a she i likr vol process wnw>vvn fabric, il is 
intended to secure slipping property 'f'he surface .and liquid 
barrier property, n.wvver, the diameter of the fiber of the 
wet process nonwoven fabric is rcl.-.tr. J;, finer, bending 
rigidity is lowered, there is a problem o: causing complex in 
the manufacturing method and also lowering the post pro- 
cessability. 

[0015] Further, (6) Japanese Patent Laid Open No. 
293554/1999 disclosed a heat fused nonwoven fabric which 
comprises conjugate shoe; fibers having liber diameter of 10 
to 15 //m on at least surface layer, in which a coefficient of 



friction (MIU) of the nonwoven fabric is 0.25 or less, and 
reflectance per unit area is 1.2% or more. However, only a 
nonwoven fabric composed of conjugate short fibers having 
a fiber diameter of 13 fan and a fiber length of 45 mm, which 
having a core sheath structure of high density polyethylene 
as the sheath component and polyester as the core compo- 
nent is disclosed concretely in examples. 

[001 6] Furthermore, as improvement of feeling in a spun- 
bonded nonwoven fabric, (7) Japanese Palent I .aid Open No. 
92856/1996 disclosed a manufacturing method of a non- 
woven fabric having excellent flexibility and touch to the 
skin, in which a propylene ethylene block copolymer having 
ethylene content of 0.5 to 8 mass % was used, filament 
groups having knol on the surface were obtained, thereafter 
corona treated and ihermocompression bonded with heating 
rolls. However, this method has problem in the production 
cost and the like, and also has great restriction, which cannot 
applicatc to most general polypropylene homopolymer. 

[0017] Still more, (8) Japanese Patent Laid Open No. 
1 60463/2000 disclosed a flexible nonwoven fabric contain- 
ing filers composed of polyolcfin thermoplastic resin con- 
taining olefinic elastomer. And also at the same time, a fabric 
and a multi layer nonwoven fabric composed of a sidc-by- 
side type fiber used the above-described resin and a core 
sheath type conjugate fiber used the above described resin as 
core is disclosed. However, the polyolcfin thermoplastic 
resin composing of the fiber of the nonwoven fiber is an 
object by commonplace way of thinking so as to improve 
flexibility of the nonwoven fabric, by combining the olefinic 
elastomer as the soft component, as the result the fiber itself 
become flexible, slurdiness as the nonwoven fabric is greatly 
decreased, and post processability is lowered. 

[0018] As described above, the conventional improving 
technique of llcxihilitv, feeling, touch to the skin and Ihe like 
of the spunbonded nonwoven polyolcfin resin fabric is not 
held characteristic of the spunbonded nonwoven polypro- 
pylene fabric itself. That is, the technique abandon charac- 
teristic of the spunbonded nonwoven fabric which it can be 
manufactured with good productivity and low cost, and has 
excellent strength, bending rigidity and post processability, 
it is owing to only making the fiber diameter into fine, 
adopting of the soft resin, making short fiber, conjugate 
spinning, or laminating of these with the spunbonded non- 
woven fabric and the like. 

[0019] Consequently, especially, from post processability 
saJi as >pinahd:'.y. bcrciVo, , i-.jdliy • « die like, as to the 
nonwoven fabric, it is actual circumstance lhal the spun- 
bonded nonwoven p. >K propylene I. .brie is used Mill in spite 
of poor feeling, touch to the skin or the like. 

[00211] On account of this, it is strou.dy excepted iniprove- 
mei:: of the problem Mid as flexibility, iVclirn-,. toi.ch to the 
shin anil the like, while ainlaining sire my:-, gas perme- 
ability, especially betiding rigidity of Ihe polypropylene 
spunhunc'eel nonwoven fabric from producer and user of the 
absorbent article such as disposable diaper. 

[0021] An object of the present invention is to provide a 
nonwoven polyolcfin fabric and an absorbent article which 
capable of using suitably for the absorbent article especially 
such as the disposable diaper, the sanitary napkin and the 
like, while holding substantially characteristic such as heal 
resistance, strung:.:;, bending rigidity, or the like, which the 
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spunbonded aonwoven polypropylcDC resin fabric has sub- 
stantially, and also having excellent flexibility, feeling, touch 
to the skin or the like. 

DISCLOSURE Ob' HIE INVENTION 

[0022] The present inventors investigate wholeheartedly 
as to the polyolelin resin, especially the spunbonded non- 
woven polypropylene fabric while making the most of 
liinctiim such ;is »as permeability, llcxi'pnlity, strength, bend- 
ing rigidity, heat resistance, post processability, automation 
suitability and the like afforded to the spunbonded non- 
woven polypropylene resin fabric, and also feeling of use, 
which requested to the end product of the nonwoven fabric, 
especially the absorbent article, such as spinability, feeling, 
touch to the skin and the like of the obtained nonwoven 
fabric. As the result, it is fouud that feeling of use such as 
flexibility, feeling, touch to the skin and the like can greatly 
improved, even though in the spunbonded nonwoven fabric 
composed of the same liber diameter, the same V.I . St Kb 
and the same resin, by controlling its friction characteristic, 
and the present invention is completed based on this knowl- 
edge. 

[0023] That is, the present invention provides 

[0024] (1) A spunbonded nonwoven fabric which com- 
prises a spunbonded nonwoven fabric composed of a poly- 
olelin resin and has an avciage liber diameter of 5 to 60 /mi, 
METSUKE of 5 to 200 g/m 2 and a coefficient of static 
friction of 0.1 to 0.4. 

[0025] (2) The spunbonded nonwoven fabric according to 
the above described (1), wherein the nonwoven fabric con- 
tains a lubricant. 

[0026] (3) The spunbonded nonwoven fabric according to 
the above described (1) or (2), wherein the lubricant is a fatty 
acid amide compound, and its content is 0.05 to 1.0 mass %. 
[0027] (4) The spunbonded nonwoven fabric according to 
any one of the above described (1) to (3), wherein the 
polyolefin resin is polypropylene resin. 

[0028] (5) The spunbonded nonwoven fabric according to 
any one of the above described (1) to (4), wherein the fiber 
is hydrophilicily imparting treated. 

[0029] And also, the present invention provides 
[0030] (6) A spunbonded nonwoven fabric which com- 
prises a spunbonded nonwoven polypropylene resin fabric 
I laving stiffness (bending r. sioncc l. which is the sum of the 
values for the longitudinal and transverse directions as 
obtained according to IIS I |0')6 ...I-;. I. method A dial is 15 = 
cantilever method, of 70 to 120 mm, and a coefficient of 
static friction of 0. 1 to 0.4. 

[0031] (7) The spunbonded nonwoven fabric according to 
the above described (1), wherein the nonwoven fabric has 
the average fiber diameter of 10 to 30 //m, and METSUKE 
of 10 to 30g.n> 2 . 

[0032] (8) The spunbonded nonwoven fabric according to 
the above described (7) or (8), wherein the nonwoven fabric 
contains the lubricant of 0.15 to 1.0 mass %. 

[0033] (9) The s.pu:i'.n>r.dcd tu*:m..\ c t; fabric according lo 
the above described (8), wherein the lubricant is a fatty acid 
amide compound. 



[0034] (10) The spunbonded nonwoven fabric according 
to any one of the above described (6) to (9), wherein the fiber 
constituting of the nonwoven fabric is hydrophilicily impart- 
ing treated. 

[0035] Further, the present invention provides 
[0036] (11) An absorbent article made by using the non- 
woven fabric according to any one of the above described 
(l)to(10). 

[0037] (12) The absorbent article according to the above 
described (11), wherein the absorbent article is a disposable 
diaper, a sanitary napkin or incontinence pad. 

RRIEF DESCRIPTION OF DRAWING 

[0038] FIGURE 1 is an illustration view of relation of 
degree of bending rigidity and cueRWkn; of Malic friction of 
the spunbonded nonwoven fabric in examples of the present 
invention and comparative example. 

BEST MODE TO CARRYING THE INVENTION 

[0039] In the following description, the present invention 
will be described in further detail. 
[0040] [The First Embodiment] 

[0041] The nonwoven polyolefin resin fabric of the 
present invention comprises the spunbonded nonwoven fab- 
ric having the average fiber diameter of 5 to 60 /am, 
METSUKE of 5 to 200 g/m 2 , and the coefficient of static 
friction of 0.1 to 0.4. The nonwoven fabric of the present 
invention may be any object satisfying the range of the 
coefficient of static friction of 0.1 to 0.4 as the nonwoven 
fabric, its means to control the coefficient of static friction 
may be optional, and is considered adoption of various 
means. However, the reason why the spunbonded nonwoven 
fabric of the present invention has excellent flexibility and 
feeling is considered an effect by improvement of slipping 
property among long fibers, so that it is preferred a material 
which Improves slipping property of not only libers on the 
surface part of the nonwoven fabric, but also fibers as whole 
the nonwoven fabric, as die result, and a cocflicicnl of sialic 
friction as the Mil' ice characteristic become in a specific 

[111(421 (ibisic Characteristic of Noawovcn I'abric) 
[0043] The liber diameter of the fiber composing the 
spunbonded nonwoven fabric is 5 to 60 «m, preferably 5 to 
40 fan, and 15 lo 30 urn for especially the absorptive article 
such as Ihe disposable diaper or the like. Here, in the case of 
s //ni or less, sirerglh :nid I 'ending risvdit;. are insufficient , 
and /so in Ihe some C3<c post proccsMrhiihy is lowered, and 
a! Ihe sr. me lime Use nsing field is greatly limited. Moreover, 
in Ihe case of 60 urn or more, flexibility is lowered, char- 
acteristics as the nonwoven fabric is lost, and also in the 
some case especially application lo ihe absorptive article, 
various clothes becomes difficult. 

[0044] Moreover, METSUKE of the spunbonded non- 
woven fabric of the present invention is in the range of 5 lo 
200 g/nr, preferably 7 to 60 g/m 2 , especially 10 to 30 g/nr 
for the absorbent ai :icie such as the disposable diaper or the 
like. Here, in the case of METSUKE of 5 g'rn 2 or less, in 
some case strength is insufficient, bending rigidity (sturdi- 
ness) is lower, and p is; processabifiiv is fallen. Moreover, in 
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Ihc case of 200 g/m' or more, flexibility, yas psrmeabi'tity or 
the like is lowered, thus characteristics as the nonwoven 
fabric arc lost, and in some case usage becomes difficult due 

[0045] The spunbonded nonwoven fabric can select/com- 
bine properly the resin, the fiber diameter, MliTSUKB and 
the like, based on the use of the nonwoven fabric, required 
properly, gas permeability, non-water permeability or the 
like. 

[0046] The spunbonded nonwoven polyolefin resin fabric 
of the present invention is not especially restricted as far a> 
it is I'.ic spunbondctl uniumvcn fabric, and it can produce by 
various manufacturing process. Moreover, the bonding form 
can adopt embossing, calendaring, heat adhesion such as hoi 
air or the like, mechanical entangling such as needle punch- 
ing, water punching and the like. However, heat adhesion by 
embossing is preferred from productivity. 

[0047] (Coefficient of Static friction) 
[0048] The characteristic of the present invention is that 
the nonwoven fabric of the spunbonded nonwoven fabric 
comprising conventional well known polyolefin resin has 
the coefficient of sialic friction of 0.1 to 0.4, preferably 0.12 
to 0.35. Here, in the case of the coefficient of static friction 
is 0.1 or less, processability is lowered by over slippage in 
the post processability, and at the same time the usage 
amount of additives or surface treatment agent adopted 
general is necessary due to lowering of the coefficient of 
static friction, in some case economic performance is fallen. 
Further, in some case thermal sealing al the time of posl 
processing, aiiijiu'ation property by adhesives and the like 
is trended toward poor, thus such case is not preferred. 
Moreover, in the case of 0.4 or more, improving effect of feel 
of usage such as flexibility, feeling, touch '.;> ihe skin become 
insufficient. 

[0049] (Measurement of Coefficient of Static Friction) 
[0050] The coefficient of the spunbonded nonwoven fabric 
of the present invention can determine according to 
ASTM-D 1894. Concretely, based on measuring conditions 

of: 

[0051] Measuring machine of a coefficient of stalic fric- 
tion: made of Toyo Seiki Seisakusho Co. Ltd., AN type 

[0052] Loading plate: 63.6 mmxl02.2 mxl9.4 mn 
(height) 

[0053] Load: 8.87N of iron plate 
[0054] Incline speed: 2.7 degree. second 
[0055] sliding angle • ■ wrs determined by piling up mea- 
suring surfaces of the nonwoven fabric, tan 0 was obtained, 
and made it the coefficient of static friction. The smaller the 
numerical value the better the slipping property. 
[0056] (Polypropylene Resin) 

[0057] The polyolefin resin used in the spunbonded non- 
woven polyolefin resin fabric r>: tne present invention is not 
especially restricted, it can include a homopolymcr of pro- 
pylene, copolymer of propylene with at lcasl one of a-olcfin 
such as ethylene, butcnc-1, 4-methyl-peutcuc-l, hcxanc-1, 
octen-1 or the like. These polypropylene resins arc selected 
properly from those that having difference of various crys- 
tallinity, molecular weight and distribution of molecular 



weight from selection of catalysts at the time of polymer- 
ization, polymeri/.ation condition or the like, based on the 
property required in the nonwoven fabric. This selection is 
examined i v om the points of strength, bending rigidity, use 
and the like, but from spinability, vending rigidity, slimy 
feeling or the like as described above, using of the 
homopolymer of propylene or the polypropylene copolymer 
with low ratio of copolymcrization is preferred. 
[0058] Here, crystallinity is selected from a range from 88 
to 95 mol %, preferably 89 to 93 mol % in the isotactic 
pentad fraction in the case of using the nonwoven fabric as 
the disposable diaper and the like. Here, the isotactic pentad 
fraction (IFF) is an isotactic fraction in the pentad unit in the 
polypropylene molecular chain, which is measured by using 
nuclear magnetic resonance spectrum ( 13 C-NMR) by an 
isotope carbon for example described in Macromolcculcs. 
vol. 28, Nol6, pp5403 (1995). 

[0059] Moreover, melt How rate (MLR) [according to .IIS 
K 7210, measuring temperature: 230" C, measuring load: 
21.1 8NJ of the polypropylene resin is in the range of 5 lo 20(1 
g/1 0 min, preferably 1 0 to 1 00 g/10 min. In particular, those 
that in Ihe range of 30 to 80 g/10 min is suitable for ihe 
absorptive material. 
[0060] (Polyethylene Resin) 

[0061] Next, polyethylene resins include a homopolymer 
of ethylene, copolymers of ethylene with a-olcfin having 3 
to 10 carbon atoms such as propylene, butene-1, 4-methyl- 
pentenel, hexane-1, octarie-1 or the like, and copolymers of 
ethylene with a polymerizable monomer such as vinyl 
acetate, acrylic acid or the like. In particular, the above 
described ethylene-ot-olefin copolymer having density of 
880 to 960 kg/m 3 , preferably 900 to 950 kg/m 3 , melting 
point in the range of 100 to 140° C, preferably 110 to 130° 
C, and melt flow rate (MFR) [according to JIS K 7210, 
measuring temperature: 190° C, measuring load: 21.18N] of 
5 to 60 g/10 min, preferably 10 to 50 g/10 min is used 
preferably from points of spinability, melting point, bending 
rigidity. 

[006.?] Moreover, these polypropylene resins and polyeth- 
ylene restns max be mixtures of two kind or more respec- 
tively, and can use as resin compositions containing other 
ethylene resin, propylene resin, thermoplastic elastomer or 
the like of less than 50 mass %. 

[0063] (Controlling Method of Coefficient of Sialic Fric- 
tion) 

[0064] Next, meaas to obtain the spunbonded nonwoven 
fabric having the coefficient o:' sialic friction in the range of 
0.1 to 0.4 are not restricted especially, and various means arc 
inc. tilled. ( 'oi\ Klciv. r cut cX'cli pi illy i o'lghly divided to ( I ) 
melt spinning process by combining a lubricant into a 
polyolefin resin lor spinning, and (2) surface treating pro- 
cess to the fiber after spinning. 
[0065] (Lubricant) 

[0066] Here, Ihe lubricant is not especially restricted, and 
include fatty acid amide compound, fatty acid compound, 
paraffin and hydrocarbon resin, silicone compound, silicone 
polymer, fluorine compound, fluorine polymer such as 
copolymer of tetralluoroethylenc with propylene, copolymer 
of vinylidene fluoride with hexalluoroethyiene or the like, or 
these mixture. Among them the fatty acid amide compound 
is preferably used. 
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[0067] The fatty acid amide compound include fatty acid 
monoamide compound, fatty acid diamidc compound, satu- 
rated fatty acid monoamide compound, unsaturated fatty 
acid diamidc compound. Concretely, it includes amide lau- 
rate, amide myristatc, amide palmitatc, amide stcarate, 
amide behenate, amide oleate, amide crucatc, amide mon- 
tanatc, amide N,N'-mcthyIcne-bis-lauratc, amide N,N'-rne- 
thylene-bis-myristate, amide N,N'-metliyicnc-bis-palmitate, 
amide N,N'-mcthylenc-bis-behenate, amide N,N'-mcthyl- 
enc-bis-oleate, amide N,N'-mcthylene-bis-crucate. amide 
N,N'-cthylcnc-bis-oIcatc, amide N,N'-cthylcne-bis-crucate 
and the like, and also these can be used by combining plural 
kind of substances. 

[0068] Among these fatty acid amide compounds, amide 
erucale, which is an unsaturated fatty acid monoamide 
compound, is preferably used. The reason why it is used is 
they are suitable to decrease the coefficient of static friction 
of the nonwoven fabric, by decreasing of spinabilily by 
exposing unnecessarily ihc tally acid amide on the surface al 
the lime of spinning of the fiber of the nonwoven fabric, and 
ageing of the nonwoven fabric containing the falty acid 
amide compound described below. Conlentof the fally acid 
amide compound in the polyolelin resin is in the range of 
0.05 to 1 mass %, preferably 0.1 to 0.5 mass %. This content 
is decided by judging synthetically kind of the polyolelin 
resin, the resin characteristics such ascrystallinity, MI R ami 
the like, kind of the fatly acid amide compound, required 
properly of the obtained nonwoven fabric, ageing condition 
and the like. 

[0069] Consequently, for example, in the case of using 
amide erucale in llie liomopolymer of propylene having 
isotactic pentad fraction of around 90 mol %, it is preferred 
in the range of 0.1 to 0.5 mass %, especially 0.2 to 0.4 mass 
%. In this case, although it depends on ageing treatment 
condition, if it is 0.2 mass % or less, in some cases it is 
difficult lo control the cocllicictU of valic friction of ihe 
nonwoven fabric in the range of 0.1 to 0.4, and if it is 0.4 
mass % or more, in some cases the amount of the amide 
erucate on the surface of the nonwoven fabric is much, it 
becomes cause of worse of appearance such as generation of 
while powder or ihe like, or lowerim- of heal fusion properly 
and post processabilily. 

[0070] Further, the spunbonded nonwoven polyolefin 
resin fabric of the present invention can be added well- 
known additives component used gencra'dy in the rom.vovcn 
fabric for use or imparling characteristic or the like. These 
well known ;u|,: : |jvcs coin* isciits include :t:ilrjh/.iling 
agents such as calcium su-atju.. liycvtaieiH; or Ihc like, 
anlioxidimls such as phenol Kim d. ph. .sphorus based, sulfur 
based or ike like, he.il si.ihdi/. 's. nucleus forming agvnls. 
I'V absi'.rbcs, liglrl siahik -\ is. micynr itgcnK flame ret.ir- 
dants, pigments, dyes, or inorganic powders such as silica, 
talc, calcium cai Ivm.rc. calcium ovdc, magnesium oxie'e or 
the like. 

[0071] (Melt Spinning) 

[0072] The spunbonded nonwoven polyolelin resin fabric 
of the present invention make a spunbonded primary non- 
woven fabric by melt spinning a mixture which is dry 
blended fixed amount of lubricant such as fatty acid amide 
or the like and additives component added as the need arises 
to a polyolefin resin. 

[0073] Here, the spunbonded nonwoven fabric can be 
obtained, for example, a p;:mar\ nonwaiver) fabric by well 



known method which comprises melt extruding the raw 
material polyolefin resin having the above described com- 
bination, spinning it from a spinneret for spinning, taking up 
the spun fiber with an airborne tracking apparatus such as air 
sucker or the like, opening as the need arises, collecting 
fibers with air flow by a web collecting apparatus such as a 
net conveyer or the like., p.ulial lusing with heating means 
such as heated air, heating roll or the like, thereafter winding 
up. 

[0074] Further, this spunbonded nonwoven polyolelin 
resin fabric is a uonwoven fabric comprising ordinarily 
polyolefin resin aloue, but it may be a conjugate liber 
nonwoven fabric comprising a polyolefin resin of al leasl 
50% on the surface of the fiber. 

[0075] These composite fiber nonwoven fabric may be 
used the composite fiber having corc-sheath stnicture com- 
posing of a polyolefin resin as the sheath component and a 
resin having higher melting point than the sheath component 
resin excepting Ihe polyolefin resin such as a polyamide 
resin, polyester resin or Ihe like as the core component, or 
Ihe conjugate fiber having sidc-by-side structure which 
comprises the polyolefin resin of ordinarily 50 mass % or 
more of fibers and the other resin in the rest. Further, this 
core-sheath structure conjugate fiber and sidc-by-side struc- 
ture conjugate fiber may be, of course, combination of two 
kind of different polyolefin resins among polyolefin resins. 
[0076] (Ageing Processing) 

[0077] Thus obtained spunbonded primary nonwoven fab- 
ric is excellent in spinabilily, however in some cases the 
cocdU iiiii ...! 'static friction .specified by the nonwoven fabric 
of the present invention is not expressed by itself, by the 
kind of the lubricant, especially in the case of the falty acid 
amide compound. In this case, to make the spunbonded 
nonwoven polyolefin resin fabric of the present invention, 
by only alter ageing Ihis primary uoriwoven fabric under 
healing, it can be the range of ihc coefficient of sialic friction 
which is specified by the present invention. In the conven- 
tional nonwoven fabric manufacturing apparatus, such age- 
ing apparatus is not included, generally ageing was not 
performed. 

f««7»j I le.'e. ageing condilii.n is d i deled due lo kind ol the 
polyolelin resit:, lesii: characteristic such as degree of crys- 
lail'mly. demsgy. melting poir I or i'ue like, kind and inching 
point of contained the fatty acid amide compound and 
solubility to the polyolefin resin or Ihe like. Consequently, 
by consider me char :ctcn-.' ic oi 'the poiyok. tin resin w Inch is 
the raw :nalv::al of the r.cnwt.vcn fabric, or cinraclcriMic of 
the fatty acid amide compound as the lubricant, and by 
considering the range of the coefficient of static friction in 
the range of 0.1 to 0.4, required characteristic such as 
flexibility, feeling, touch to the skin or the like required to 
the end product, concretely the treating condition is decided 
experimentally. 

[0079] For example, the spunbonded nonwoven polyolefin 
resin fabric of the present invention is obtained by ageing a 
spunbonded nonwoven fabric made by melt spinning the 
polyokrin r«.«in which containing the fatty acid amide 
compound at a temperature of 30 to 60° C. for around 1 to 
50 hours. For example, in the homopolymer of polypropy- 
lene, as a concrete example in the case of lhal having 
isotactic pentad fraction of aruur.d 9(1 mol '7c and content ot 
amide erucate of 0.3 mass "/■■. the following ageing treatment 
condition can set up. 
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[0080] In the case of the ageing temperature of 40° C, the 
ageing time is 5 to 50 hours, preferably about 8 to 12 hours. 
Moreover, in the case of the ageing time is 24 hours, the 
ageing temperature is 32 to 50° C, preferably about 33 to 
40° C. When the ageing condition is milder than the range 
described above, lowering of the coefficient of static friction 
requires longer lime, in sonic eases productivity is lowered. 
Further, when the ageing condition is severer than the sbove 
described range, in some cases the coefficient of static 
friction become higher reversely, thus it is not preferred. 

[0081] This ageing treatment can ordinarily carried out in 
an ageing room which heated air is circulated, by arranging 
core pipes in the state of winding the nonwoven fabric in roll 
form. When this ageing is performed, even though the 
nonwoven fabric is wound state in roll form, the nonwoven 
fabric is obtained approximate uniform effect of ageing 
treatment due to gas permeability of the nonwoven fabric. 
Further, ageing can also carried out by roll healing and/or 
heated air, the nonwoven fabric is not wound stale, but while 
il is running between rolls. 

[0082] (Surface Treatment) 

[0083] Next, the other method to give the coefficient of 
static friction of the nonwoven fabric of the present inven- 
tion is a method by surface treatment of the fiber of the 
nonwoven fabric obtained by spinning. As the surface treat- 
ing agent, for example, a pollution of dimethyl siloxane, 
methyl hydrogen polysiloxane, compound containing fatty 
acid amide can be used. However, this surface treatment has 
problem that cannol treat into inner pert in some cases, due 
to wet eating process, drying process and thickness of the 
nonwoven fabric. Therefore, in many cases the methods by 
melt blending of the lubricant described above is preferred, 
due to form, use, range of the coefficient of static friction or 
the like of the nonwoven fabric. 

[0084] The spunbonded nonwoven fabric comprising the 
polyolcfin resin of the present is generally hydrophobicity, 
owing to use of the absorptive articles and the like, for 
example, in the case of using as the top material of the 
disposable diaper or sanitary napkin or the like, in some 
cases hyiln>|!iiv)l>ii-;l> of ;.l lv::s' wait: in l lie like permeable 
is required. In this case the nonwoven fabric can do hydro- 
phobicity imparting treatment. 

[0085] This hydrophobicity imparling treatment include 
introduction of hydrophiiio groups such as carboy yl group >r 
the like by ozone treatment, or surface ireaimcnt by bydro- 
pliilic compounds, however ircrmmi by so'.uiii n of '-mlro- 
philic compounds is preferred in the point of the effect. As 
the treating method, spraying method, coating method, 
immersing method and the like cau be exemplified. More- 
over, the hydrophilie compound can be exemplified, for 
example, alkyl-csler such as polyalcohol having 8 to 26 
carbon atoms containing p-.lv.>\-v. •••vl- m . al.kyl ulicr, poly, 
ether containing fatty ncid amide group, fatly acid 
monoglyceride, sorbitol ester derivative, alkyl phosphate 
metal salt, polyoxycthylcnc alkyl elher sulfate metal salt, 
alkyl sulfosuccinate metal sail, sugar derivative having 
glucose ring and the like. 

[0086] The spunbonded nor.w.>vcn lulric composed of the 
polyolcfin resin of (he present invention is maintained 
essential characteristic of l he :i> ■: woven fthr.'c which has the 
polyolcfin resin itself, by lowering of Ihe coefficient of sialic 



friction by the ageing treatment or the surface treatment, and 
flexibility, fec'.ing. touching feel such as touch to the skin, 
and usage feel are improved markedly. Consequently, it can 
be used as materials for various absorbent article (such as 
sanitary material and the like), various clothing materials, 
material for medical treatment, material for wrapping and 
the like. 

[0087] (Forming of Multilayer) 

[0088] The spunbonded nonwoven fabric can make a 
multilayer material with other nonwoven fabric, thermoplas- 
tic resin film, paper or the like. However, in the case of used 
as multilayer object, at least one side of the nonwoven fabric 
is used the nonwoven fabric of the present invention which 
satisfy the above described characteristics such as the coef- 
ficient of static friction of 0.1 lo 0.4. And, the other non- 
woven fabric in the case of using the spunbonded nonwoven 
polyolefin resin fabric in the multilayer nonwoven fabric 
may be a nonwoven fabric which composed of not the 
polyolefin resin but the polyamide resin or the polyester 

[0089] The characteristic related lo feel of the nonwoven 
fabric is Ihe problem on the surface of Ihe nonwoven fabric 
material, to improve the characteristics such as strength, 
moisture permeability, gas permeability, powder barrier 
property, heal fusibility and the like, it can also be made the 
multilayer material with general polyolefin resin nonwoven 
fabric containing no the fatty acid amide compound, other 
thermoplastic resin nonwoven fabric, the moisture perme- 
able film, water resistant film, water-proofing film or the 
like. 

[0090] In this case, usually the spunbonded nonwoven 
polyolefin resin fabric after the above described ageing 
treatment is laminated so as to exposure on at least one side. 
However, owing to the case, it can also be ageing treated 
after lamination with other nonwoven fabric or film or the 
like. The olher nonwoven fabric in this case include the 
melt-blown nonwoven fabric, short fiber nonwoven fabric or 
the like. For example, a laminating method where the 
melt-blown nonwiwcn fabric is spun on ihe spunbonded 
nonwoven fabric, and further spunbonded nonwoven fabric 
is manufactuied in multi-step and continuously thereon, a 
multi-layer nonwoven fabric is previously manufactured by 
containing fatly acid amide into a polyolefin resin for at least 
one side of spunbonded nonwoven fabric, and then this 
multi-layer nonwoven fabric is ageing treated is given. 
[0091] Here, the nonwoven fabric except the polyolefin 
resin can include a nonwoven fabric, for example, of the 
polycvcr rcsip, I be p ily.mncc tcsin, especially having melt 
ing point of 150° 0. or more, particularly 150 to 300° C 
llcrc.lhc poivi-ae; tcsin call include homopolyestcr sucl as 
polyethylene terephlhalate, polybutylene lerephthakilc, 
polylrimethylene lerephthalale. polvnaphllialene terephlha- 
late and the like, and cnpnivcstcr w bids copolvmerized with 
other component, in which the homopolyeste.r is main com- 
ponent unit, and further these blended polyester. 
[0092] The polyamide resin can exemplify nylon 6 (poly- 
caprolactamide), nylon 6,6 (polyhexamethyleue adipaniide), 
nylon 6,10 (polyhexamethylene sebacamidc), nylon 11 
(polyundecane amide), nylon 7 (poly-w-aminoheptanic 
acid), nylon 9 (poly-ea-aminononaic acid), nylon 12 (poly- 
lauric amide) and the like. .Among them, nylon 6 and nylon 
6,6 are used preferably. 
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[0093] As the laminating means to form his multilayer 
nonwoven fabric, various laminating means such as heat 
adhesion, adhesion with adhesives and the like is given. 
However, simple and low cost laminate heat adhesion 
means, especially heat embossing roll method can be 
adopted. This embossing roll method can laminate by using 
well-known laminating apparatus with an embossing roll 
and a flat roll. Here, the embossing roil can adopt various 
shape embossing pattern, there arc lattice state in which each 
fused put K ciiniiniu-:!, iiKk-pvncluit lattki state, optional 
distribution and the like. Moreover, emboss area fraction is 
in the range of approximate 5 to 40%. 
[0094] Further, the spunbonded nonwoven polyolelin 
resin fabric can also make the mutilayer material with 
moisture permeable resin layer (him), the water resistant 
resin layer (film), and the water-proofing resin layer (film) in 
addition to lamination with the other nonwoven fabric. In 
this case, an extruding laminating method, a heat embossing 
roll method, a dry laminating method and the like can adopt. 
1 0095 1 The heal embossing roll tamnalion condition is 
different by melting point of the spunbonded nonwoven 
fabric or the other nonwoven fabric, and making either layer 
of other film the emboss side, the condition is selected 
properly by taking respective factor into consideration. 
These emboss pattern, emboss area fraction, temperature, 
pressure and the like can be properly selected depending on 
the fiber diameter, thickness, METSUKE, gas permeability, 
processing speed of each nonwoven fabric, and further 
melting point, thickness and the like of other nonwoven 
fabric film or the like. 

[0096] The spunbonded nonwoven fabric is used for, 
including the disposable diaper, sanitary napkin or inconti- 
nence pad, medical treatment, clothing and wrapping. 
[0097] [Examples Based on the First Embodiment] 
[0098] In the following, the present invention will be 
illustrated in further detail based on the manufacturing 
examples of the spunbonded nonwoven fabric based on the 
first embodiment. However, the present invention is not 
limited by these examples. 

EXAMPLE i 

[0099] To a crystalline polypropylene resin [isotactic pen- 
tad fraction: 91 mol %, MFK: 60 g/10 mm, melting point: 
160° C] 100 mass parts, a phenol based antioxidant (made 
of Oiha Special Chemictl Company, Irganox 10!O): ('.035 
mass '-mis. phosphorus based arlioxidan! (mule ,.f San.-lo 
Company, Sandostab 1M-J'Q): ft. 035 mass parts, : , neutral- 
i/er (made of Kycxlo Yakuhin Co. Ltd., calcium stearale) 
0.025 mass parts and amide crucalc: 0.3 mass parts were dry 
Meiitk.l with a Mipu-'itiut. I -ici a J Iter ;!iei: km ao.ng .:! 220 3 
C. by using 65 mm <p extruder, and melt spun by extruding 
from the spinneret. The spinneret in this cas; was c'iasrn ler 
of hole of the spinneret: 0.3 mm, and numbers of it in width 
direction: 200, and extrusion direction: 15. 
[01(10 1 Then, the spun fiber group were introduced into an 
air sucker and tracked and drawn, and collected on a belt 
having a suction apparatus, and then it was sent to heated 
embossing rolls [an embossing roll at 140° C./a flat roll at 
140" C ] and partly ,:dhcrcd. and then rolled it onto a paper 
tube, thus a primary nenwos e:i fabric was obtained. The 
obtained rolled nonwoven fabric was ..gcirig treated in an 



ageing condition of 40° C.-24 hours to obtain a spunbonded 
nonwoven polyolefin resin fabric of the present invention. 
The obtained nonwoven fabric had an average fiber diam- 
eter: 16 fan, METSUKE: 20 g/m 2 , a coefficient of static 
friction: 0.19, degree of bending rigidity: 5.3 cm, touch to 
the skin: ©, feeling: Q. and end breakage or jogging in the 
spinning process was not observed, and it can spun stably. 
[0101] Further, evaluation of the nonwoven fabric was 
performed based on the following description. 
[0102] (1) Coefficient of Static Friction 

[0103] Measurement w as performed according to the mea- 
suring method of the coe;]icic::l .4" stalk tiiction of AS ! Mi) 
1894. And, the detail was described above. 

[0104] (2) Degree of Bending Rigidity [Longitudinal 
Direction] (cm) 

[0105] Measurement was performed according to JIS I. 

1096 (45° cantilever method). 

LOlOfi] (3) Touch to the skin-feeling 

[0107] A functional test by touch to the skin-handle by 20 

monitors was performed, and evaluation of ©, O and A was 

performed. 

EXAMPLE 2 

[0108] An experiment was performed according to 
example 1 except that changing the content of amide erucale 
to 0.4 mass parts, the aperture of spinneret to 0.3 mm, 
extruding speed and belt speed. The obtained nonwoven 
fabric had an average fiber diameter: 24,«m, METSUKE: 20 
g/m 2 , a coefficient of static friction: 0.19, of stiffness: 5.3 
cm, touch to the skin: ©, feeling: ©. And end breakage or 
jogging in the spinning process was not observed, and it can 
spun stably. 

[0109] [The Second Embodiment] 

[0110] A spunbonded nonwoven polypropylene resin fab- 
ric of the present invention is a spunbonded nonwoven 
fabric which has stiffness [sum of the value for the longi- 
tudinal and transverse directions as obtained according to 
JIS L 1096, 6.19 1, method A (45° cantilever method )] of 
70 to 120 mm and a coefficient of static fiction of 0.1 to 0.4. 
[0111] (Stiffness) 

[0112] That is, spunbonded nouwoven fabric has, first of 
all, has stiffness [sum of the values for the longitudinal and 
transverse directions as obtained according to JIS L 1096, 
6.!') :. method A(45 u c.-.i"i!. v.-i method) | of 70 I.. 1 20 mm. 
As the item of evaluation of performance of the spunbonded 
nonwoven fabric is consider; J I... ling Inge the r with strength 
and the like as important. This feeling is considered as 
combination of softness, hardness, resiliency, restitution 
property, feeling of cold temperature, luster, draping prop- 
erty and the like, and it is well known that feeling is different 
greatly by the manufacturing method, especially adhesion 
method. 

[0113] Among these properties, degree of bending rigidity 
by the evaluation test of flexibility, which is index of 
soilness, is standardized various test method depending to 
characteristic of the nonwoven fabric. The spunbonded 
nonwoven fabric of the present inveution is specified by the 
measuring value by the above described 45° cantilever 
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method, which is suited to evaluation of flexibility of the 
most general non woven fabric. The stillness of the spun- 
bonded nonwoven fabric is usually observed difference of 
stiffness, in flow direction (longitudinal) and direction at 
right to flow (transverse) in the manufacturing process of the 
nonwoven fabric. Consequently, in the spunbonded non- 
woven fabric of the present invention, to make the average 
this property of direct ion. si illness v, as specified with sum of 
.stillness in longitudinal-transverse direction. (In the follow- 
ing, sum of values of stiffness far the longitudinal and 
transverse direction is used as the stiffness as far as espe- 
cialK not naking any comment. 

[0114] The stiffness of the spunbonded nonwoven 
polypropylene resin fabric, which is general purpose article 
having the liber diameter i)l approximate 20 inn and Ml; T- 
SUKE of 20 g/m 2 , is approximate 70 to 120 mm. It is said 
that the stiffness is desirable low for feeling. As means to 
lower stiffness, it has been investigated means which to finer 
the liber diameter, to decrease METSUKE, to adopt low 
crystalline resin as the polypropylene resin, and further to 
lower elastic modulus of the polypropylene resin by com- 
bining soft resin or thermoplastic elastomer to the polypro- 
pylene resin and the like. 

[0115] However, the spunbonded nonwoven polypropy- 
lene resin fabric require not only feeling but also balance of 
synthetic properties. Hie method to improve feeling by 
lowering the degree of stiffness described above is that to 
soften the polypropylene resin itself, or to decrease fiber 
diameter or METSUKE. This can to say improving means 
that sacrifice strength and moderate flexibility, which are 
fundamental special character of the spunbonded nonwoven 
polypropylene resin fabric. 

[0116] Consequently, at manufacturing time of the spun- 
bonded nonwoven fabric or, especially, in processing into 
the end product such as disposable diaper, stabilization of 
the nonwoven fabric at the post processing time such as 
sending out of the nonwoven fabric, heat sealing and the like 
is not maintained, from point of stabiliz-Micn of quality, 
productivity and the like, there is limit in technique to only 
lower the stiffness. Consequently, the spunbonded non- 
wovc.n polypropy lei re resin fain ic. which is much consumed, 
has been used that having si if'ticss of 7(1 to I -0 mm h spile 
of existing dissatisfaction in feeling, touch to the skin and 
the like. And also, for evurple. even iko n.'.':' a s;-e:ihnded 
nonwoven fabric which combined a ihcrni: plastic elastomer 
of 10 mass % into a polypropylene resin, decreasing of the 
stillness is slight, and when combining amount of the 
thermoplastic elastomer make more much, not only the post 
;in-eessahili'.y decrease bin a'so spin ihi'.tv Vwvr 

[0117] (Coefficient oT Static Friction) 

1 01 1 SI Moreover, by investigation of the inventors of the 
present invention, it was found thai the numerical value of 
the stillness itself do not showed directly feeling of the 
spunbonded nonwoven polypropylene resin fabric as 
described above. That is, it was found i':::t: feeling which feel 
on hand or skin of human can not evaluated by the numerical 
value of the stiffness alone. 

[0119] The spunbonded nonwoven polypropylene resin of 
the present invention has characteristic which satisfy in 
addition to the stiffness of 70 to 120 mm, preferably 75 to 
115 mm as the first, and the coefficient »l static friction in 



the range of 0.1 to 0.4, preferably 0.12 to 0.36 as the second. 
Although the reason why the coefficient of static friction of 
the spunbonded nonwoven fabric relates greatly to feeling of 
the nonwoven fabric is not always clear, it is considered that 
slippage between fibers which constitute the nonwoven 
fabric become favorable in the case of touching to the hand 
or skin, and the whole nouwoven fabric become easy 
dcformablc. On account of this, evaluation of feeling of the 
spunbonded nonwoven fabric is difficult by only the stiff- 
ness, it became clear that even though the equal stiffness, it 
was different greatly by the coefficient of static friction. 
[0120] The coefficient of static friction of the spunbonded 
nonwoven polypropylene resin fabric of the present inven- 
tion may be controlled into 0.1 to 0.4, the means is optional, 
antl is concerned adoption of various means. However, it is 
considered that the reason why the spunbonded nonwoven 
fabric of the present invention has excellent flexibility and 
feeling is the effect by improving of slipping property 
between the above described long libers, therefore not only 
slipping properly of the fiber of the surface part of the 
nonwoven fabric, but also slipping property of the fiber as 
the whole nonwoven fabric are improved, as the result the 
coefficient of static friction as the surface characteristic is in 
the specific range. 

[0121] The characteristic of the present invention is that a 
spunbonded nonwoven fabric is in addition to having spe- 
cific range of stiffness which secure strength, slurdiness, 
post processabi lity and the like as conventional well-known 
spunbonded nonwoven polypropylene resin nonwoven fab- 
ric, having the above described coefficient of static friction 
of 0.1 to 0.4, preferably 0.12 to 0.36. Here, when the 
coefficient of static friction is 0. 1 or less, in addition to lower 
processability reversely by over-slippage in the post pro- 
cessing, owing to lowering the coefficient of static friction, 
it require more much usage amount of additives or surface 
treating agent adopteil generally, thus it becomes worse 
economically in some case Further, there is trend to lower 
conjugativily by heat sealing, aiihesives and the like at the 
time of post processing, and it is not preferred in some case. 
And, when the coefficient of static friction is 0.4 or more, the 
improving effect of usage feel such as flexibility, feeling, 
touch to the skin becomes insufficient. 
[0122] Moreover, measurement of the coefficient of static 
friction is as described in paragraph of "measurement of a 
coefficient of static friction" in the first embodiment 
described above. 

[0123] (Basic Characteristic of Nonwoven Fabric) 
[0124] The spunbonded nonwoven polypropylene resin 
fabric has preferably an average liber diameter of 10 to 30 
fim and METSUKE of 10 to 30 g/m 2 , and more preferably 
the average fiber diameter of 10 to 25 ftm and METSUKE 
of 15 to 25 g/m 2 . Here, when the average liber diameter is 
10 «m or less and METSUKE is 1 0 g/m 2 or less, securing the 
range of strength and stiffness is difficult, as the result post 
nrocessabililv become lower. And, when the average fiber 
diameter is 30 mn or more and METSUKE is 30 g/m 2 , 
securing of stiffnes- and t'cclin* is difficult in some case. And 
flexibility become lower, characteristics as the nonwoven 
fabric is decreased, especially application to the absorbent 
article and the like is difficult in some case, and its using 
field is restricted greatly. 

[0125] The spunbonded nonwoven polypropylene resin 
fabric of the present invention can select 'combine properly 
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resin, fiber diameter, METSUKE and the like based on the 
use of the nonwc: \ tn fabric, required property, gas perme- 
ability, non-water permeability arc! ibe like. 

[0126] The nonwoven polyopropylene resin fabric used m 
the present invention is not especially restricted as far as it 
is the spuubonded nonwoven fabric, and it can produce by 
various manufacturing process. Moreover, the bonding form 
can adopt embossing, calendaring, heat adhesion such as hot 
air or the like, mechanical entangling such as needle punch- 
ing, water punching ami Use like. However, heat adhesion In 
using heat embossing method is preferred from securing of 
productivity stillness and the like. 

[0127] This heat embossing roll method is performed by 
using well-known laminating apparatus having an emboss- 
ing roll and a flat roll. Here, the embossing roll can adopt 
various shape embossing pattern, there are lattice state in 
which each fused part is continued, independent lattice state, 
optional distribution and the like. And, emboss area Traction 
is iii the range of approximate 5 :<> •"' Here, w her; crnh «s 
area fraction is 5% or less, it come off the lower limit of the 
rang of stillness, and when the emboss area fraction is 40% 
or more, it come olf the upper limn of stillness, and al the 
same lime flexibility is easily decreased in some case And, 
when embossing pressure is low, usage feel such as flex- 
ibility, feeling, touch to the skin is favorable, however 
reversely stiffness is lowered, and post processabilily is 
decreased markedly, thus it is not practical. Consequently, 
condition of heat embossing method is selected properly by 
taking shape of embossing part, pitch between emboss 
adhering parts, roll temperature and the like, and stiffness 
into consideration. 

[0128] (Polypropylene Resin) 

[0129] In this embodiment, the spunbonded nonwoven 
fabric used the polypropylene resin described in previously 
in the first embodiment is suitable Since the propylene resin 
is as described previously, redundant explanation is omitted. 
[0130] These polypropylene resins may be mixtures of 
two kind or more, and can use as resin compositions 
containing other ethylene resin, propylene resin, thermo- 
plastic elastomer or the like of less than 30 mass % accord- 
ing to necessity. 

[0131] (Method for Control Coefficient of Static Friction) 

[0132] In this embodiment, the coefficient of static friction 

is controlled by applying 'he I k ml to the liber o'' the 

nonwoven fabric as same as I he first embodiment described 
above. Since the "lubricant", "melt spinning", "ageing" and 
"surface treatment" is as described previously in explanation 
of the first embodiment. :.il'i i. ! a:v explanation is onr.'icd 
here. 

[0133] (Formation of Multilayer) 

[0134] Moreover, in this embodiment, the nonwoven fab- 
ric may be made the multiplayer nonwoven fabric as same 
as the liist cinhidiment eeseiii-.J pn.vk.usly. Willi regard to 
formation of multiplayer, since ii is as described previously 
in the paragraph of "formation of multilayer . redundant 

[0135] [Examples Based on the Second Embodiment] 

[0136] In the following, the present invention will be 
illustrated in further detail based on manufacturing examples 



of the spunbonded nonwoven fabric based on the second 
embodiment. However, the present invention is not limited 
by these examples. 

EXAMPLE 3 to 4 , and Comparative Example 1 to 
5 

[0137] To a crystalline polypropylene resin [isotaclic pen- 
tad fraction: 91 mol %, MFR: 60 g/10 min, melting point: 
160° C] 100 mass parts, a phenol based antioxidant (made 
of Ciba Special Chemical Company, Irganox 1010): 0.035 
mass pails. p;i{ !sl .|:on;s based anlioxiJan: (made of Sando 
Company, Sandostab P-EPQ): 0.035 mass parts, a neulral- 
i/er (made of Kyodo Yakuhin Co. Ltd., calcium stcaratc) 

0. 025 mass parts and amide erucate: [mass parts listed in 
Table 1] were dry blended with a super-mixer, thereafter 
melt kneading at 220° C. by using 65 mm <f extruder, and 
inelt spun by extruding from the spinneret. The spinneret in 
this case was diameter of orifice of the spinneret in example 

1, 2 and comparative example 1 to 4: 0.4 mm, and in 
comparative example 5: 0.3 mm, and numbers of it in width 
direction: 200, and extrusion direction: 15. 

[0138] Then, the spun fiber group were introduced into an 
air sucker and tracked and drawn, and collected on a belt 
having a suction apparatus, and then it was sent to heated 
embossing rolls jibe condition listed in Table Ij and partly 
adhered, and then rolled it onto a paper tube, thus a primary 
nonwoven fabric was obtained. By alternating manufactur- 
ing condition of the nonwoven fabric, nonwoven fabric 
having different average fiber diameter, METSUKE and 
degree of adhesion were obtained. 

[0139] The obtained rolled nonwoven fabric was ageing 
treated in an ageing condition of 40° C.-24 hours to obtain 
a spunbonded nonwoven polypropylene resin fabric. The 
average fiber diameter, METSUKE, the coefficient of static 
friction, stillness, feeling, post processabilily and result of 
spinability of the obtained nonwoven fabric are listed in 
Table 2. 

[0140] Further, evaluation of the nonwoven fabric was 
performed based on the following description. 
[0141] (1 ) Coefficient of Static Friction 

[0142] Measurement was per I'm nied according to the mea- 
suring method of the coefficient of static friction of AS'1'M-D 
1894. And, the detail was described above. 

[0143] (2) Stiffness [Sun of the Values for the Longitudi- 
nal and Transverse Directions] 

[0144] Measurement was performed according to J1S I. 
1096 6.19.1, method A (45° cantilever method). 
[0145] (3) f eeling 

[0146] A functional test by touch to the skin-handle bv 20 
monitors was performed, and evaluation or O, O and A was 

[0147] (4) Post Processabilily 

[0148] To the spunbonded nonwoven fabric, by using a 
nozzle discharge system fiber spray die, an ethylene -vinyl 
acetate based hotmclt adhesive H-6805 [made of Nitta 
Findorei Co. Ltd.,] was sprayed so as to be coating amount 
of 4 g/m 2 in fibrous state. And then, it was superposed 
thereon a drawn PE film containing inorganic filler 'Porain 
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PU35" (thickness 35 urn) made of Tokuyama and laminated 
together to obtained a nonwoven fabric laminate. When this 
lamination, those that got wrinkle meander neck-in made A, 
and that laminated without trouble made ©. 
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l fabric, and it is especially favorable in flexibility, 
feeling, touch to the skin, and is excellent iu strength, 
bending rigidity and post proccssability, and it is usable 
suitably to various use, especially as the material for the 
absorbent article such as disposable diaper and the like. 

1. A spunbonded nonwoven fabric which comprises a 
spunlxmded nonwoven fabric made of a polyolcfin resin and 
has an average fiber diameter of 5 to 60 //m, METSUKJi of 

5 to 200 g/m 2 and a coefficient of static friction of 0.1 to 0.4. 

2. The spunbonded nonwoven fabric according to claims 
1, wherein the nonwoven fabric contains a lubricant. 

3. 'Hie spunbonded nonwoven fabric according to claims 
1 or 2, w:u-rei:i ll:e lubnean; is :< fait\ s v id amide compound, 
and its content is 0.05 to 1.0 mass %. 

4. The spunbonded nonwoven fabric according to any one 
of ciaitns 1 to 3. wherein the polyolelin resin is a polypro- 
pylene resin. 

5. The spunbonded nonwoven fabric according to any one 
of claims 1 to 4, wherein the fiber is hydrophlicity imparting 

6. A spunbonded nonwoven fabric which comprises a 
spunbonded nonwoven polypropylene resin fabric having 
stiffness, which is the sum of the values for the longitudinal 
and transverse directions as obtained according to IIS 1 ,10% 
6.19.1, method A that is 45° cantilever method, of 70 to 120 
mm, and a coefficient of static friction of 0.1 to 0.4. 

7. The spunbonded nonwoven fabric according to claim 6, 
wherein the nonwoven fabric has the average fiber diameter 
of 10 to 30 /an, and METSUKE of 10 to 30 g/m 2 . 

8. The spunbonded nonwoven fabric according to claims 

6 or 7, wherein the nonwoven fabric contains the lubricant 
of 0.15 to 1.0 mass %. 

9. The spunbonded nonwoven fabric according to claim S, 
wherein the lubricant is a fatty acid amide compound. 




[0150] further, the relation between the coefficient of 
sialic friction and stillness .-I" spunbonded nonwoven fabric 
of examples of the present invention and comprative 
examples is shown in FICURK I. It is clear that spun- 
bonded nonwoven fabric of the present invention (in the 
range ofuot'.cd line) istlilTercii ::i;:ru-t: v from convcntianil 

[0151] Industrial Availability 

[0152] The present invention is usable as the nonwoven 
polyolelin resin fabric and the absorbent article used this 



10. I ke >p'.:nk ncicd nonwoven fabric according to any 
one of claims 6 to 9, wherein the fiber constituting of the 
nonwoven fabric is hydrophilicity imparting treated. 

11. An absorbent article made by using the nonwoven 
fabric according to any one of claims 1 to 10. 

12. Jhe absorbent article according to claim 11, wherein 
the absorbent article is a disposable diaper, a sanitary napkin 
or incontinence pad. 



X. RELATED PROCEEDINGS APPENDIX 
None. 
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